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Abstract 

The environment is changing for every production company; customers want faster response 
times, expect higher flexibility, high reliability at lowest possible costs. Kappa Packaging 
faces the challenge to supply a certain type of customers (local accounts) to gain more 
market share in the Benelux. The sheetfeeder production concept is expected to fulfil the 
requirements of the local accounts in an effective way. The sheetfeeder and the integrated 
production concept are modelled with the queuing theory. With the outcome of the models it 
is possible to draw conclusions about the specific requirements for the local accounts, but 
also conclusions about the most important influencing factors. 
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Executive summary 

Executive summary 

Introduction 

The process for producing corrugated packaging material is organised in so-called integrated 
factories for most factories of Kappa Packaging. An integrated factory produces the 
corrugated sheets on the corrugator and converts the sheets into the corrugated packaging 
material on several converting machines in the same factory (the integrated production 
concept). But Kappa Packaging has also factories that perform just one production step; the 
sheetfeeder (production of sheets) or sheetplant/converter (converting the sheets). The 
sheetfeeder production concept contains a sheetfeeder and one or more converters. There 
are extra logistic steps necessary in the new concept to complete the order path from order 
entry till delivery to the customer. Trailer loads must be formed at the sheetfeeder and 
physical transportation is necessary to the converter. At the converter the stacks of sheets 
have to be unloaded, a quick quality check is performed and the transportation straps are 
removed . 

Kappa Packaging expects for the future that the number of sheetfeeders will grow due to the 
technological improvements and strategic importance. Technological improvements make it 
possible to build bigger and wider corrugator machines, which are able to produce more 
square meters per employee. In other words the machine is able to produce corrugated 
sheets at lower costs (specialist) [5]. 
On the other hand Kappa Packaging expects that the number of small sheetplants and/or 
converters will grow in the future. Sheetplants are able to supply the "local accounts" in an 
effective way. Local accounts are customers, which generate less than €30.000 on a yearly 
base. Kappa Packaging has investigated the whole Benelux market for corrugated packaging 
material and find out that the local accounts can and must be supplied better in the future to 
gain more market share in this particular type of market [2]. 

Next to the two mentioned aspects; technological improvements and strategic importance, 
there are several other important aspects that have to be mentioned shortly: 
• There was going to exist over-capacity on converting machines in the Benelux in the 

future. Converting capacity in one of Kappa Packaging's factories must be shut down. 
• There was a threat that a competitor of Kappa Packaging would build a sheetfeeder in 

the Benelux, because there wasn't a professional sheetfeeder located at that time. 
• The latest technology makes it possible to do Performance Packaging (less paper in 

corrugated board, so cheaper corrugated sheets) [5]. 
• There are advantages for the Paper and Board division of Kappa Packaging as well by 

changing the integrated production concept into the sheetfeeder production concept 
(higher volumes delivered to one factory instead of multiple factories with a lower 
volume). 

With all these aspects in mind Kappa Packaging decided to expand the sheetfeeder 
business by building a second sheetfeeder in Eindhoven. The first sheetfeeder was built in 
1997 in Euskirchen, Germany. Kappa RapidCorr is established to give more structure to the 
sheetfeeder expansion within Kappa Packaging organisation. 

The new sheetfeeder is built to produce a volume of 180 million m2 on a yearly base. The 
factory is designed to supply the "free market" for approximately 90 million m2

• Another 90 
million m2 is meant to supply to two, at that time, integrated factories of Kappa Packaging; 
Kappa Van Dam and Kappa Hermes. 
At the moment the sheetfeeder is operational and supplies Kappa Hermes with corrugated 
sheets. Kappa Hermes shut down their corrugator in July 2002. Kappa Van Dam will start 
purchasing their sheets at the end of 2004. 
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Executive summary 

Research objectives 

With all the background information Kappa Packaging questioned their selves if the new 
sheetfeeder production concept is able to supply the local accounts according to their 
requirements. Kappa Packaging stated that the three most important logistic related 
requirements are a high speed of delivery (quick lead-time), high flexibility and a high 
reliability. 
■ The lead-time can be defined as the average time a customer order needs to pass all 

steps from order entry, planning, corrugator production (forming loads, transportation 
loads, receiving sheets), converting, MSA, stock and delivery to the customer. 

■ If we search in the scientific research for definitions of flexibility we will find a wide range 
of definitions. Most articles reflect to the definition of Upton ( 1994 ): "flexibility can be 
described by the organisation 's ability to meet an increasing variety of customer 
expectations without excessive costs, time, organisational disruption or performance 
losses. 

■ Reliability can be described as the difference between planned production in time and 
actual production in time. If the real production is exactly the same as the planned 
production the factory is extremely reliable. 

The price of the sheet is also an important factor for customers to decide where to purchase 
their corrugated packaging material. However, we decided to leave the cost requirement out 
the research objective mainly due to the fact that the organisations involved are still working 
on the correct transfer price of a corrugated sheet. 

Kappa Packaging formulated the first research objective as: 

Investigate if the sheetfeeder production concept is able to fulfil the requirements of 
the local accounts in a better way than the integrated production concept. 

And the second objective is: 

Create a decision support model to decide for which (combination of) parameters it is 
wise to reorganise an integrated production concept into a sheetfeeder production 
concept. 

The research objectives are tackled by building quantitative production models based on 
queuing theory. One advantage of using queuing theory is that the number of waiting orders 
can be calculated. This information gives insight in future investments in automatic conveyer 
systems needed to stock the semi-final products; the corrugated sheets. Another advantage 
is the theoretical use of the quantitative queuing model as a decision support tool. By 
changing factors in the factory it is possible to calculate the impact on the Throughput time 
and the average sheet stock level in the chain for the factory. 

The research approach has eight phases. The eight phases are studying the queuing theory, 
the modelling of the integrated production concept, validation of the integrated production 
model, the extension to the new sheetfeeder production concept, comparison of both 
production concepts, a cost/benefit analysis, the conclusions and recommendations and 
finally reporting the results. 
The integrated production model consists out a Planning time and a Network time. The 
Planning time is the average time necessary to complete an efficient production run on the 
corrugator. The Network time consist out all physical production steps (corrugator, converting 
and palletising & strapping) all linked with each other. 
The Planning time is the same in the sheetfeeder production concept. The extension is built 
into the Network time. There are extra physical steps necessary to complete the total 
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physical production of the corrugated packaging material. Further more it is possible to 
involve more than one converter in the network. 
Due to the structure of the research approach it is possible to compare both concepts. 
A cost/benefit analysis is performed to get some insight in the consequences for the cost 
price of the packaging material. 

The outcome of the production concepts 

The outcome of the concepts is for each production concept the same: an average 
Throughput time and an overall average sheet stock level in the chain. The modelling 
phase starts with a Lead-time analysis in both production concepts. The Lead-time is the 
average time a customer order needs to pass all the steps from order entry till delivery to the 
customer. The Throughput time is just a part of the Lead-time and can be defined as the 
average time a customer order needs for the planning step and all physical production steps. 
So the Throughput time consists out of the Planning time [ T Ptan ] and the Network time 

- (1) 
[ T Network ]. The formulas are : 

• T (}) = TP/an (}) + T Network U=1 ,2, .. ,U) 

Where T(j) stands for the average Throughput time for a customer order of specification j . 

f Ptan (j) stands for the average Planning time for a customer order of specification j . 

T Network stands for the average Network time for a customer order. 

■ S Form = EQForm * I 0.000 

Where S Form stands for the average stock position in the formation area at the 

sheetfeeder. 
EQ stands for the average volume in m2 waiting for free bottleneck capacity at 

the sheetfeeder. 

T 

• STrans = LEQ, *10.000 (t=1,2, ... ,T} 
t= I 

Where STrans stands for the average stock position at the docks at the sheetfeeder. 

EQ
1 

stands for the average volume in m2 waiting for free trailer capacity at the 

sheetfeeder for converter t. 

s 
■ S Conv = LEQS * 10.000 for each converter (s=1,2, .. ,S) 

s=I 

Where S conv stands for the average stock position in the buffer field. 

EQs stands for the average volume in m2 waiting for free converting capacity in front 

of converting machine s. 

For the sheetfeeder production concept the overall sheet stock level consists out three or 
more sheet stock points in the chain: the average sheet stock position in the formation area 
at the sheetfeeder, the average sheet stock position in the dock area at the sheetfeeder and 
an average sheet stock position for each converter. 

1. The second and third formula are not applicable for the integrated production model. 
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The integrated production model is filled in twice: the first with data from Kappa Van Dam 
over 2002 and the second with data from Kappa Hermes over 2002. The sheetfeeder 
production model is filled in with the same data from Kappa Van Dam and Kappa Hermes, 
but also with data from Kappa RapidCorr Eindhoven. If we compare the two integrated 
concepts with the sheetfeeder concept, we are able to draw conclusions for Kappa Van Dam 
and Kappa Hermes in the sheetfeeder production concept about: 

■ the increase in Throughput time and 
■ the increase in the overall average sheet stock level. 

The Throughput time increase due to an increase in the system time for the corrugator step, 
an increase in the system time for the converting step and due to the two extra logistic steps; 
the forming and transportation step. The overall average sheet stock level increase due to 
unreliable supply of corrugated sheets. 

Conclusions 

With the outcomes of the comparison of both production concepts it is possible to draw 
conclusions for the three requirements, the three most important factors, which influence the 
logistic and financial performance of the used production concept and a conclusion for the 
investment with Kappa RapidCorr as the sheetfeeder and Kappa Van Dam and Kappa 
Hermes as the converters. 

1. Lead-time 

The quantitative model calculates the Throughput time through the chain. The Throughput 
time is just a part of the total Lead-time, but indicates what the planning and production 
process are on average really capable of. Due to the structure of the research project it is 
only possible to draw a conclusion about the Throughput time. 

The sheetfeeder production concept has a longer Throughput time than the integrated 
production concept. 

2. Flexibility 

If we use the definition of Upton: "flexibility can be described by the organisation 's ability to 
meet an increasing variety of customer expectations without excessive costs, time, 
organisational disruption or performance losses", we can conclude that the flexibility 
decreases in the sheetfeeder production concept compared to the integrated production 
concept. The argumentation consists out a qualitative answer and a quantitative answer. 

The qualitative answer: the sheetfeeder production concept has a longer decision chain. 
The quantitative answer: the planning phase starts earlier in time. 

The flexibility in the sheetfeeder production concept is lower than the flexibility in the 
integrated production concept. 

3. Reliability 

Reliability can be described as the difference between planned production in time and actual 
production in time. If the real production is exactly the same as the planned production, the 
factory is extremely reliable. If we use this definition it is not possible to make a quantitative 
statement about the reliability by using the quantitative production models. 
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The reliability in the sheetfeeder production concept compared to the integrated 
production concept depends on the reliability of the forming of loads and 
transportation of the loads. It is not possible to make statements for the reliability by 
using the quantitative production models. 

The three conclusions for research objective 2. 

1. Exchangeable machinery simplifies the decision to reorganise the integrated 
production concept into the sheetfeeder production concept. 

2. Lower production volumes simplify the decision to reorganise the integrated 
production concept into the sheetfeeder production concept. 

3. Shorter distances simplify the decision to reorganise the integrated production 
concept into the sheetfeeder production concept. 

The conclusion for the total investment 

The total investment with Kappa RapidCorr Eindhoven as the sheetfeeder and with 
Kappa Van Dam and Kappa Hermes as the converters is good for the financial 
performance of Kappa Packaging, but extra investments are necessary to make the 
concept workable for all involved Kappa organisations. 

The recommendation 

The recommendation is that there are three important factors for future decisions for 
reorganising integrated factories into converters or buying existing converters from third 
parties. The three factors have a strong impact on the logistic and financial performance. My 
recommendation is that factories with exchangeable machinery, with a low production 
volume and with a short distance to the sheetfeeder are the best factories for a 
reorganisation into the sheetfeeder production concept. 
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Chapter 1. Company description 

1. Company description 

1.1. Kappa Packaging Group BV 

Kappa Packaging is one of Europe's largest innovative companies operating in the 
production, development and sale of containerboard, solid board, corrugated and solid board 
packagings, graphic and specialty board. With a workforce numbering around 16.500 
employees, Kappa Packaging achieved sales of almost € 3 billion in 2002. With 115 
QQerational Companies (Opco) spread over 17 European countries, the company holds 
leading market positions [1]. Kappa Packaging focuses its products primarily on the 
business-to-business segment of the market. 

1.2. Company structure 

Kappa is organised in two divisions; the Paper & Board division and the Packaging division. 
Both divisions are working together to get the best packaging material for the end user; the 
customer. The main products of the Paper & Board division are the different sorts of paper 
available in different weights per square meter. An example of a sort of paper is Kraftliner, 
which is available in the weights 120- & 170- gram per square meter. These different types of 
paper are used as raw material for production of the corrugated boxes at the factories of the 
Packaging division. 

Both divisions have their own strategic focus with their own important key aspects as shown 
in Figure 1-1. The Paper & Board division is focussing on lowest costs, while the Packaging 
division is focussing on the requirements of the customer. Important aspects of the lowest 
cost focus is only producing commodity products and controlling the raw material costs. The 
raw material cost is relatively high in the cost price. The industry is also capital intensive with 
high capacity utilisation. The Paper & Board division can be seen as a black box in the 
project that generates the different types of paper. The Packaging division has innovative 
packaging solutions with the focus on lowest costs in the chain and a good service to the 
customer. Therefore, Logistics plays an important role. The strategic "misfit" between both 
divisions is tackled by stocking paper reels at the corrugated factories. In other words for the 
supply chain [paper to packaging material] the Customer Order Decoupling Point (COOP) is 
located at the reel-stores at the sites of the corrugated factories. After this point production 
can be classified as make-to-order. The corrugated factory produces the corrugated 
packaging material from different layers of paper. 

Paper & Board Packaging 

Focus on lowest costs Focus on customer 

• Commodity products • Innovative packaging solutions 

• Raw material costs • Lowest costs in the chain 

• Capital intensive • Service 

Figure 1-1 . The company structure of Kappa Packaging. 
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Chapter 1. Company description 

The organisations involved in the project are all part of the Packaging division. The 
Packaging division is described in more detail in the next sections of this chapter. In section 
1.3 the product is explained, section 1.4 describes the market for packaging material, section 
1.5 and 1.6 contain detailed descriptions of respectively the production & planning process. 
The final section is reserved for a short summation of specific properties of the involved 
organisations in the project. All organisations are part of the Packaging division. 

1.3. The corrugated packaging material 

The final products produced by the Packaging division are customer specific corrugated 
boxes. Every customer has his own print, size and specification of corrugated material. This 
industry can be classified as Mass-customisation, because every product is customer 
specific and a customer order is produced in high volumes at reasonable low costs. 

Every corrugated box is made from a corrugated sheet with a certain flute (thickness of the 
board) and consists of three or more layers of paper glued to each other. There are several 
flutes available, for example the B-flute that has three layers of paper and is approximately 
three millimetres thick. There are also F-, E- and C-flutes available, all having a single flute 
but with a different thickness. By combining two single flutes together, the double wall is 
created . For example by combining a B-flute with a C-flute the B/C-flute is created which has 
five layers of paper. Figure 1-2 shows the B- & the B/C-flute. All combinations of single flutes 
to create double wall are possible (B/E, F/E, etc). In some factories it is even possible to 
produce triple wall (three flutes are combined) which contains seven layers of paper. 

Every layer of paper in the sheet can have a different type of paper. For example it is 
possible to have 170-gram kraftliner on one side, a 120-gram kraftliner on the other side and 
a 105-gram wellenstoff (another paper sort) in the middle (the flute). Every unique 
combination of layers of paper (but also the variance in the thickness of the flute) is called a 
specification of corrugated board . For example Kappa Van Dam has almost 45 different 
specifications. Kappa Hermes has more than 20 specifications, but these specifications are 
all different to the ones of Kappa Van Dam. Every specification has its own unique 
properties. An important property of a specification is its BCT-value. This value describes the 
strength of the corrugated sheet. 

B-flute B/C-flute 

Figure 1-2. Example of a B-flute and a B/C-flute. 

1.4. The market for corrugated packaging material 

Most organisations in the Packaging division supply the market for the final product, the 
corrugated box. A few organisations are selling the semi-final product, the corrugated sheet, 
to sheetplants or industrial converters. The corrugated sheet is produced by a sheetfeeder. 
The sheetplant or industrial converter will convert the sheet into a corrugated box. Section 
1.5 gives a more detailed description of the total production process. Kappa Packaging 
operates mostly in the market for the final product with factories producing the sheets and 
converting the sheets into corrugated boxes; the so-called integrated plants. These factories 
are mostly producing volumes higher than 60 million square meters per year of the final 
product. The demand for final products in the Benelux is about 2 billion square meters per 
year [2]. Kappa Packaging is market leader in the Benelux with a market share nearby the 
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40% [2]. The market demand for sheets in the Benelux is estimated at 300 million square 
meters per year [3]. Kappa Packaging categorised the sheet-market as a potential growth 
market. Technological improvements make it possible to build faster machines with higher 
volumes per year. The quality of the produced sheets is better and it is also possible to 
reduce set-up times by realising quick change-over times. Technological improvements are 
one interest (reducing costs), strategy is the other interest. The absolute number of 
converters is growing and so is the sheet-market [2]. Converters are relatively small 
companies with volumes of 1 up to 30 million square meters per year mostly supplying small 
customers which are located nearby the converter. This particular type of customer (local 
accounts) has specific requirements for fast and reliable delivery times and high flexibility at 
lower costs [2]. Kappa is aware of this trend and realises that customers have to be 
categorised. Kappa divided the market for the final product in the Benelux into four 
categories of customers based on 22 aspects like a fast delivery time, low prices, good 
quality, nice run-ability on packaging machines, etc. The four categories are: 
1. Pan European Sales accounts 
2. Multi Opco accounts 
3. National accounts 
4. Local accounts 

The first and second category contain customers like Philips and Mars. These customers 
have high requirements and are served by more than one production facility of Kappa 
Packaging in Europe. Both market categories together are estimated at 400 million square 
meters per year in the Benelux. Kappa Packaging has a market share of 30% in this sub 
market. 
The third category, the National accounts, contains customers, which generate more than 
€30.000 turnover on a yearly base. Kappa Packaging estimates that this market segment 
purchases one billion square meters per year. Kappa Packaging has a relatively high market 
share of 59% in this category. 
The last category contains customers that generate less than €30.000 on a yearly base. 
These customers are mostly small factories purchasing their corrugated board by nearby 
located sheetplants or industrial converters. The market share of Kappa Packaging in this 
category is 23% of a total of 600 million square meters per year. Compare to the overall 
market share of 40% this category of customers need more attention in the future. 

1.5. The production process 

Figure 1-3 shows the integrated production process for corrugated packaging material. 

Paper & Board 
Division 

COOP 

Corru
gator 

Packaging 
Division 

Con
verting MSA 

Integrated factory 

Figure 1-3. The integrated production process for corrugated packaging material. 

Customer 

The physical process flow starts with the supply of the reels of paper from the Paper & Board 
division and/or other paper suppliers. The paper reels are stocked in the reel-store (1) 
waiting for the production call-off. The called-off paper reels (depending on which 
specification must be produced) are transported by forklift truck to the corrugator. The 
corrugator is a big machine build out several sections. The machine transforms different 
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paper reels into corrugated sheets in four steps. Each step is performed in a different section 
in the machine. The first step is conducted in the wet-end in the corrugator under high 
temperature and pressure. Part one of the first step is creating the flute. Part two of step one 
is gluing other layers of paper at this flute. The output of the wet-end is wet corrugated board. 
The second step is drying the wet corrugated board in the dry section under high 
temperatures. The third step is cutting the sheets according to the customer orders. 
Technically speaking this is the point in the machine where the COOP is located for the 
whole supply chain for producing the corrugated box. After the cutting section the sheets are 
customer specific. The fourth step is stacking the sheets per customer order by the stackers. 
The stacks (the output of the corrugator) are finally transported to the buffer field (4) waiting 
for free converting capacity. 

There are three main differences in properties between corrugator machines: 
1. The number of knives and stackers in the machine 
2. The width of the machine 
3. The number of facers in the wet-end in the machine 
The number of knives and stackers is important for the planning process on the machine. If 
the corrugator has only one knife and stacker, one order can be produced at the same time. 
If the corrugator has two knives and two stackers it is possible to produce one or two orders 
at the same time. With three knives and stackers it is possible to produce one, two or even 
three orders at the same time on the machine. 
The width of the corrugator is also important for the planning process. The bigger the 
corrugator width, the easier the planning process is for orders with bigger widths. 
The number of facers influences the maximum number of flutes, which can be glued on each 
other. If the corrugator has two facers, it is possible to produce single flutes and double wall. 
Triple wall is only possible if the corrugator has three facers in the wet-end. 

The second production step is converting the sheets into the customer specific corrugated 
boxes. The converting production step is very divers, because the step contains many 
different production techniques such as printing, folding , gluing and die-cutting. Some 
customer orders need to be printed and die-cut and other customer orders don't need a print 
but the boxes must be folded and glued. Some converting machines can handle only one 
technique for example just printing. Other converting machines can handle more production 
techniques for example printing, folding and taping. Every machine has also its own input 
restrictions in the sizes of the corrugated sheets. Summarising the converting production 
step is enormous divers and every customer order has its own production techniques that 
has to be performed to make the customer specific corrugated boxes. The output of the 
converting step is a stack of finished products. 

The third production step is preparing the stacks of finished products for transportation to the 
customer. The MSA step can be done centralised after all converting machines in the 
Manufacturing Support Area (MSA). It is also possible to prepare the stacks after every 
converting machine. The stacks have to be palletised and strapped before transportation to 
the customer is possible. The palletised and strapped stacks are waiting in the finished 
goods warehouse for delivery to the customer (5). 

1. 6. The planning process 

The planning process is in general very important for the performance of the whole factory. 
The main objective for the production department is trying to control the costs for producing 
corrugated boxes. Fifty percent of the total cost price is the paper costs. That makes an 
optimal paper usage a very important aspect in the corrugated industry. As said before 
production is organised as make-to-order. Each customer order is made of a certain 
specification (see section 1.3) and has its own length and width. Customer orders with the 
same specification can be planned together in a production run for the corrugator. The 
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customer orders have to be combined in such way that the loss of paper is minimised, the 
so-called trimm-waste. Appendix A shows an example of a planning on the corrugator. 

As said in section 1.5 the properties of the corrugator influence the planning process. The 
available number of knives/stackers and the width of the corrugator can minimise the trimm
waste due to combining customer orders in a production run. It is also possible to use 
different paper reel widths in the production to minimise the trimm-waste. If the corrugator 
has only one knife, one order can be produced at the time. In this situation it is harder to 
minimise the trimm-waste than in case of two or three knives. The reason is that customer 
orders together can have an optimal fit on the width of the corrugator ( or available paper reel 
width that can be used in production). At Kappa Van Dam a reduction in trimm-waste by one 
percent can save up to €125.000 on a yearly base [4] . 

The second objective in the planning process within an integrated factory is balancing the 
corrugator and converting production step. The balance must be found in such way that the 
converting machines are not running out of work and the corrugator has minimal set-up 
times. The planning process is described in more detail after Figure 1-4. The objective in the 
corrugator production step is producing at lowest costs. The corrugator is a huge and 
expensive machine and has to produce as many square meters per employee as possible to 
reduce the cost price per sheet. The objective in the converting production step is producing 
corrugated boxes according to the requirements of the customer. Small order sizes, short 
order lead-times and high flexibility are examples of customer requirements. The two 
objectives can be contrary to each other. By splitting the integrated production process into 
two factories with their own speciality (sheetfeeder and sheetplant/converter) there is no 
conflict of objectives within one factory. Each factory is able to optimise its step of the total 
production process but this does not necessarily mean the whole supply chain is optimised. 

Figure 1-4 gives an overview of the production and planning process together for the 
integrated factory Kappa Van Dam. 

Production run 
sequence 

Trimm Order entry 
minimisation ◄.... system 

..... Iterative .. .. 
............. steps .. .. .... .. Planning 

Convertinq 

Con
verting 

Customer 
orders ...... .. 1 .. .. ... 

Planning 
other materials 

MSA 

Planning 
Expedition 

Integrated factory Kappa Van Dam ; 

Figure 1-4. Overview of the production and planning process for the integrated factory Kappa Van Dam. 

The planning process contains several steps. The planner of the corrugator tries to combine 
the customer orders with the same specification into a production run on the corrugator with 
a minimum of trimm-waste (first step). If the customer order is planned in a production run 
the customer order is "frozen". A "frozen" customer order means that the order can not be 
changed without disrupting the planning and/or production process. In other words a 
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customer can change its order in the time the order is waiting for the planning phase without 
disrupting the planning and production process. 
The converting planner puts the production runs formed by the corrugator planner in a 
production sequence (second step). The objective is running the production runs in such way 
that none of the converting machines will run out of work. At the same time the planner 
orders the other materials needed for the production of corrugated boxes (for example 
printing ink and stamps). 
The sequence of production runs is checked once more for any unwanted changes in 
specifications (step three). A good example of an unwanted specification change in the 
sequence is that production run three is a C-flute, production run four a B/E-flute and 
production run five a C-flute again. Running the C-flutes first will save set-up time and is 
preferred by the operators on the corrugator. The converting plan and corrugator plan are 
finished after several iterative steps. The planners pass the planning through to the operators 
on the machines. Finally, the expedition planning is made for transportation to the customer. 

1. 7. Characteristics of the involved organisations 

In section 1. 7 all involved Operational companies (Opco's) of Kappa Packaging in the project 
are described shortly to get a better understanding of the possibilities and differences 
between these factories. 

■ Kappa Van Dam (Helmond) 

Kappa Van Dam operates in a niche market and is a specialist in the heavy and XXL 
corrugated packaging material. The factory produces an annual volume of 60 million m2 

in two shifts with a total turnover of €30 million. At the moment Kappa Van Dam is still an 
integrated factory. The width of the corrugator is 2,45m and the machine has two facers 
and two knives/stackers. Kappa Van Dam has 12 different converting machines from big 
inliners (machine that can print, cut, fold, glue and tape) to small folding machines. 
Kappa Van Dam has about 45 different specifications and most of them are related to the 
XXL and heavy packaging material. The trimm-waste is on average 3,69% because 
several widths of paper reel are used in production. 

■ Kappa Hermes (Baarn) 

Kappa Hermes produces commodity packaging for industrial use. The factory produces 
30 million m2 per year in two shifts and has a turnover of €18 million. Kappa Hermes has 
five converting machines. Three of the machines are inliners, which can handle more or 
less the same customer orders. Kappa Hermes had to shut down the corrugator in July 
2002 and Kappa RapidCorr Eindhoven supplies the corrugated sheets. On a day 15 to 
18 cargomatics (trailers with an automatic conveyer system) are unloaded automatically 
into the buffer field of Kappa Hermes. The truck driver connects the trailer to the internal 
material handling system and the trailer unloads in less than five minutes. Kappa 
Hermes has only buffer space for one trailer load and the trailer load has to be spread 
over the different lines in the buffer field before another trailer can be unloaded. The 
spreading process can take up to half an hour or even more. The buffer field can store 
up to 100.000 m2

, which equals almost one day of production. When a customer order is 
delivered completely it is ready for the converting production step. The specifications 
used by Kappa Hermes are different to the specifications used by Kappa Van Dam. 

Kappa Hermes and Kappa Van Dam are (become} both industrial converters, but 
both factories are totally different in annual volume, strategy, machinery, sizes of 
sheets, specifications and geographic location (traffic problems}. 
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■ Kappa RapidCorr (Euskirchen, Germany) 

Kappa RapidCorr is the Sales organisation of the two sheetfeeders of Kappa Packaging. 
The organisation receives the customer orders from the converters, has to find new 
converters, does the planning for the sheetfeeders and purchases the paper reels 
needed for production. The organisation is designed to manage even more sheetfeeders 
in the future. The sheetfeeder organisation is designed as a low cost system; lean 
management. The trimm-waste minimisation is very important for a sheetfeeder. The 
sheetfeeder possibilities are described below. 

Kappa RapidCorr Euskirchen is the first sheetfeeder of Kappa Packaging in Germany 
with an annual volume of 120 million m2 and has two knives/stackers. With 400 
different specifications the strategy is being a specialist in corrugated sheets. The 
factory can produce F, E, C and B-flutes. All combinations are also possible. The 
planner can use two widths of paper reels to minimise the trimm-waste. The 
production process is largely automated. The only machine that adds value to the 
product, the corrugated sheet, is the corrugator. In the logistic process after the 
corrugator only costs are added to the product. A sheetfeeder has to be reliable to the 
market, because it supplies a raw material for their customers (sheetplants and 
converters). Without sheets sheetplants and industrial converters can not make their 
corrugated boxes. Being reliable and trustful are the most important aspects of being 
a successful sheetfeeder. 

Kappa RapidCorr Eindhoven used to be an integrated factory. Kappa Packaging has 
built a new corrugator with a width of 2,80 meter and three knives/stackers in 
Eindhoven. Kappa RapidCorr Eindhoven stores in principle just one width of paper 
reel; 2,80 m. The factory can produce up to 180 million m2 per year. Kappa RapidCorr 
Eindhoven is built for the longer runs in a minimum of specifications (around 50). The 
factory is designed in such way that the corrugated stacks from the corrugator are 
automatically transported without pallets into the trailers by the internal material 
handling system (Minda-system). The Minda-system also forms automatically loads 
for transportation to the "cargomatic"-customers (without pallets). For the "pallet"
customers there are also several docks available. The logistic system is unique in the 
industry. 

Both sheetfeeders are designed differently. The differences are the number of 
specifications, annual volume, number of knives/stackers, widths of used 
paper reels in production and with/without pallet delivery. 
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2. Research approach and historical overview 

2.1. Introduction 

Most factories of Kappa Packaging are integrated factories which means that the production 
process is similar to the process described in section 1.5. But Kappa packaging has also 
factories that perform just one production step; the sheetfeeder (production of sheets) or 
sheetplant/converter (converting the sheets). Kappa Packaging expects for the future that the 
number of sheetfeeders will grow due to the technological improvements and strategic 
importance (section 1.4 ). With these aspects in mind Kappa Packaging decided to expand 
the sheetfeeder business by building a second sheetfeeder in Eindhoven. The sheetfeeder is 
built to supply the "free market" for approximately 90 million m2

• Another 90 million m2 is 
supplied to two integrated factories of Kappa Packaging, which are picked to become 
industrial converters. The whole background of the project is explained in the historical 
overview in the next section. Section 2.3 describes the research objective, section 2.4 
explains the possible use of theories to tackle the research objectives and section 2.5 
describes the research approach. 

2.2. Historical overview 

Section 2.2 summarises some important aspects for the decision to build a second 
sheetfeeder in the Benelux and the new strategy of Kappa Packaging. 

1. Over-capacity in the Benelux 

During spring 2001 Kappa Packaging took over the packaging activities of Assi Doman 
(Swedish firm). The organisation of Kappa Packaging almost doubled in size, because of this 
acquisition. For the Benelux it meant that the market share increased to 39%. Before the 
acquisition there was some overlap in capacity between both firms. Kappa Packaging also 
noticed that some over-capacity is going to exist in the Benelux in the future. With this in 
mind Kappa Packaging concluded that it is wise to shut down the converting activities within 
one of their factories. Kappa Empee in Eindhoven was chosen. Converting activities were 
shut down and converting volume was spread over several Kappa factories. 

2. Discourage competitors 

Kappa Packaging became aware of the new market potential of the corrugated sheet market. 
Nowadays most of the sheets are supplied by Prowell and other companies from outside the 
Benelux, because there is no professional sheetfeeder located in the Benelux. There was 
also a possibility Prowell would build a sheetfeeder, which could be a threat for Kappa 
Packaging on the long term. So Kappa Packaging made a strategic decision to build their 
own sheetfeeder in Eindhoven because there was a market, location and personnel 
available. 

3. Reorganise two integrated factories 

In the line of the decision to build a new sheetfeeder Kappa Packaging has also chosen two 
integrated factories that had to shut down the corrugator activities. Kappa Hermes, located in 
Baarn, is one of the two integrated factory. The corrugator was old and sooner or later Kappa 
Hermes would have to invest in a new corrugator or Kappa Hermes would have to purchase 
the corrugated sheets from an outside supplier. So Kappa packaging decided to shut down 
the corrugator in Baarn and RapidCorr Eindhoven was picked to supply the sheets. The 
corrugator was shut down in July 2002. 
Kappa Van Dam, located in Helmond, is the other integrated factory. In the future Kappa Van 
Dam will have problems with minimising the trimm-waste because it is very difficult to plan 
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XXL packaging in an economical way. Kappa Van Dam is also moving to another location in 
Helmond. So Kappa Packaging has decided that Kappa Van Dam has to shut down the 
corrugator mid 2004 when the organisation moves into the new premises. Mid 2004 the 
organisation will start purchasing sheets from Kappa RapidCorr. 

4. Possibility for Performance Packaging 

By building a new corrugator with the latest technology it is possible to produce sheets with a 
certain BCT-value (strength of sheet) with less paper and glue [5). In other words the sheet 
becomes cheaper. On the other hand it is possible to create less specifications within Kappa 
Packaging, because two integrated factories have to harmonise their number of 
specifications with each other. (This involves also the performance of the Paper & Board 
division in a positive way, because the Paper & Board division can supply higher amounts of 
a sort of paper to only one factory instead of three factories). 

5. New strategy for local accounts 

Kappa Packaging changed their strategy based on the four categories of customers 
mentioned in section 1.4. Kappa Packaging decided that the first & second category together 
and the fourth category of customers must be supplied better in the future. The objective is 
getting more market share in these sub-markets. Each Opco in the Benelux has been 
appointed to supply a certain category of customers. For example Kappa Oudenbosch is 
appointed to serve PES and Multi Opco accounts in the south of the Benelux. Kappa 
Packaging thinks that the fourth category of customers (the local accounts) are supplied in 
the best way by creating small sheetplants or converters with a good geographical spread 
over the Benelux. Kappa packaging expects more flexibility and faster lead-times to the 
market at lower costs for the converters by purchasing sheets instead of own sheet 
production. In other words the sheetplants/converters are able to supply the local accounts in 
a better way in the hope to gain more market share in the local account market. The whole 
project (and background analyses) is described in the presentation of the 1.000 days plan 
[2]. 

2.3. Research objective 

With the background information described in the previous sections Kappa Packaging 
questioned their selves if the new sheetfeeder production concept is able to supply the local 
accounts according to their requirements. Kappa Packaging stated that the three most 
important logistic related requirements are a high speed of delivery (quick lead-time), high 
flexibility and a high reliability. All three requirements are defined as follow: 
• The lead-time can be defined as the average time a customer order needs to pass all 

steps from order entry, planning, corrugator production (forming loads, transportation 
loads, receiving sheets), converting, MSA, stock and delivery to the customer. 

• If we search in the scientific research for definitions of flexibility we will find a wide range 
of definitions. Most articles reflect to the definition of Upton (1994 ): "flexibility can be 
described by the organisation 's ability to meet an increasing variety of customer 
expectations without excessive costs, time, organisational disruption or performance 
losses. 

• Reliability can be described as the difference between planned production in time and 
actual production in time. If the real production is exactly the same as the planned 
production, the factory is extremely reliable. 

The price of the sheet is also an important factor for customers to decide where to purchase 
their corrugated packaging material. However we decided to leave the cost requirement out 
the research objective mainly due to the fact that the organisations involved are still working 
on the correct transfer price of a corrugated sheet. In chapter 7 a short cost/benefit analysis 
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for the sheetfeeder production concept is made to get an idea of the financial consequence 
by changing the production concept. 

Kappa Packaging formulated the research objective as: 

Investigate if the sheetfeeder production concept is able to fulfil the requirements of 
the local accounts in a better way than the integrated production concept. 

And the second objective is: 

Create a decision support model to decide for which (combination of) parameters it is 
wise to reorganise an integrated production concept into a sheetfeeder production 
concept. 

2.4. Theories 

An option to tackle the research objectives is following a certain number of orders through 
the integrated and sheetfeeder production process (based on statistical significance). By 
measuring the waiting times and the total Lead-time it is possible to compare both concepts 
and make statements about the Lead-time and the flexibility. Further more this option can be 
performed in a relative short period and comparing the planned Lead-time with the real Lead
time makes it possible to draw a conclusion about the reliabil ity. However the disadvantage 
of this method is that it is not really suitable for use in the future. Factors can change and the 
measurements have to be done again. Another disadvantage is that it can not be used as a 
decision support tool. Factories must already work according to a production concept 
otherwise it is not possible to measure the Lead-times. 

Another option to tackle the research objectives is by modelling the production concepts with 
queuing theory. Using queuing models the total average Throughput time through the system 
and the average number of customer orders waiting for free capacity for every converting 
machine can be calculated. The Throughput time is the average time a customer order 
needs to pass the planning step, corrugator production, converting and the palletising and 
strapping step in the MSA. In other words all steps necessary for the planning and physical 
production of the corrugated packaging material. The Throughput time is just a part of the 
Lead-time, which is a disadvantage of using queuing theory. 

The advantage of knowing the number of waiting customer orders for every converting 
machine is that the size of the buffer field needed for stocking the corrugated sheets can be 
calculated . In other words if the buffer field is too small in the queuing calculations, extra 
investments will be necessary. Another advantage of modelling the production concepts with 
queuing theory is that the models can be used as a decision support tool. It is possible to 
change some factors (which are necessary to calculate the input parameters of the models) 
and the model is able to calculate the Throughput time and the average sheet stock level in 
the chain. This information can be used for future decisions within Kappa Packaging. 

If a quantitative queuing model is built it is possible to make quantitative statements about 
the Throughput time and the flexibility. The second disadvantage of the method is that it is 
not possible to make a quantitative statement about the reliability. 

However, we decided to build the quantitative production models based on queuing theory, 
mainly because the models can be used as a decision support tool for future decision for 
Kappa Packaging. 
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2.5. Research approach 

The structure of the research approach is built up out several phases performed in line or 
simultaneous. The phases are mentioned and described in Table 2-1. The project was 
started with an introduction in the involved organisations in order to get an overview of the 
main aspects and the complexity of the new sheetfeeder production concept. 

a e - . rue ure o T bl 2 1 St t f th h e researc aooroac an t e time Pl anmng o t e pro1ect. h d h . f h 

Phase Time planning 
1. Study the queuinQ theory. March - May 
2. Build a quantitative model of the integrated production concept March - April 

in various phases. 
3. Validate the integrated production model with data from Kappa April 

Hermes and Kappa Van Dam. 
4. Extend the quantitative model of phase two to the sheetfeeder May 

production concept in several phases. 
5. Compare both concepts with each other. May- June 
6. Make cost/benefit analysis. June 
7. Make conclusions and recommendations. June 
8. Report research. May-AuQust 

The first phase in the research approach is studying queuing theory, which is described in 
syllabus, books and other literature forms [6,7]. The main performance indicators and 
formulas of the queuing theory are described in chapter 3. The chapter can be skipped 
without missing the key points made in the report. 

Phase two of the project is modelling the integrated production concept in various phases. 
Figure 2-1 gives an overview of the modelling process. Model 1 describes a very simple 
integrated production concept where the corrugator is the bottleneck. The assumptions are 
made in such way that a lot of restrictions are not included in the model. For example in the 
model we assume that only one specification can be produced and converting capacity is 
infinite. Model 2 extends model 1 by changing some assumptions in such a way that the 
model comes closer to reality. The main difference is dropping the assumption of infinite 
converting capacity, but the buffer field still stays infinite. The result is two queuing models 
after each other, one for the corrugator and one for the converting machines. Model 3 also 
extends model 1 by dropping the assumption of one specification. Model 4 extends model 3 
by inserting an extra factor for calculating the Planning time. So model 4 calculates the 
average Planning time per specification of the integrated production concept. Model 5 steps 
further to reality than model 2. The physical production process is modelled as a closed 
network. The closed network model is able to calculate the system time through the factory 
by different amount of customer orders in the system. Model 5 calculates the Network time 
and the average number of waiting customer orders in front of the converting machines. If 
both models are connected the total integrated production concept is complete (model 6). 
Model 6 is described in detail in chapter 4. The description contains for each production step 
the required input parameters and their formulas. After all individual descriptions the network 
of all production step is described. 

Phase three of the research project is the validation of the integrated production model by 
filling in real data from the integrated factory Kappa Van Dam. The validation is also part of 
chapter 4. 
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Figure 2-1. The structure of the modelling process. 
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After the validation of the integrated production model the model can be extended to the 
sheetfeeder production model by constructing model 7 & 8 in phase four (see Figure 2-1 ). 
Model 7 extends model 5 by involving the extra logistics needed by the sheetfeeder 
production concept. Model 8 is the sheetfeeder production model, which is the connection of 
model 4 and model 7. Chapter 5 gives a detailed description of the extra logistic activities 
with their input parameters. The new network calculations are also part of chapter 5. 
Unfortunately the sheetfeeder production model is hard to validate, because the involved 
factories are not fully operational as planned in the future. 

Due to the structure of the research approach it is possible to compare both production 
concepts with each other. The research objective in section 2.3 can be extended by a 
comparison (of results) of both concepts. In other words which production concept is best 
suitable for supplying local accounts. The results are discussed in chapter 6. 

The cost/benefit analysis is made in phase six to complete the picture of both production 
concepts. The analysis is described in chapter 7. It is now possible to make statements 
about the changes in the cost price and the overall investment for the new sheetfeeder 
concept with Kappa RapidCorr, Kappa Van Dam and Kappa Hermes. 

The conclusions and recommendations are stated in phase seven and described in chapter 
8. Phase eight is writing the report. 

The eight phases are also visualised in a time window in Table 2-2. Studying the queuing 
theory is the starting point for the research project. A good knowledge of the queuing theory 
is the bases for both quantitative production models. Phase 2 & 3 do have some overlap in 
time, because during the validation phase some mistakes in the model can be discovered 
and the integrated production model has to be changed. After the validation an extension to 
the sheetfeeder production concept is possible. The comparison of both concepts is possible 
after finishing the sheetfeeder production model. The cost/benefit analysis was partly 
performed simultaneously to the comparison. The conclusions and recommendations are 
one of the final activities in the research project. 
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Chapter 2. Research approach and historical overview 

a e -T bl 2 2 A f h n overview o t e project plannin ~ with a rough time window. 

Phase March : April : May : June : July August 
: : : 

1 Queuing theory I I 
: 

2 Building integrated model I 1: 

' ' 
3 Validation model i==:J: 
4 Extending to sheetfeeder model ~ ' ' 

5 Comparing the concepts I I 
' ' ' t=:J ' 

6 Cost considerations ' ' ' ' ' ' ' ' ' d 7 Conclusions & recommendations 

8 Writing report ,, I 
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Chapter 3. Queuing theory and performance measures 

3. Queuing theory and performance measures 

3. 1. Queuing theory 

In this chapter some important results from queuing theory are summarised. Due to Kendall 
the notation G I G I c I N I K is used where the parameters have to following definitions: 
■ G: general distribution of inter-arrival times of two orders. 
■ G: general distribution of serving times of orders. 
■ c: The system has c identical servers (machines). 
■ N: The system has space for N orders (waiting or in production). 
■ K: K different types of orders are possible. 

If it can be shown that the inter-arrival times (respectively the serving times) are exponential 
distributed (respectively deterministic) than we denote in case of an "G" an "M" (respectively 
"D"). With exponential distributed inter-arrival and serving times the formulas for calculating 
the waiting times are relatively easier than with general distributed inter-arrival and serving 
times. The used inter-arrival and serving times in the integrated production model are tested 
with the Goodness-of-fit test for exponential distributed times [8]. The tests are given in 
Appendix B. 

The models used for modelling the production concept for a corrugated factory don't have 
the last two variables of the notation of Kendall. The "N" is dropped, because we assume 
there is enough buffer space available in the factory. By dropping the "N" it is possible to 
calculate the exact amount of square meters of automatic conveyer system needed in the 
factory for stocking the produced production runs; the corrugated sheets. The "K" is dropped, 
because we make the assumption that there are infinite numbers of potential orders in the 
system. 

3.2. Performance measures 

With a queuing model it is possible to compute several performance measures of a queuing 
system. The performance measures are given in Table 3-1with its definition. 

Table 3-1. The performance indicators of queuing models with the definitions. 

Performance measure Definition 

0 The throughput per The throughput per time unit is the average number of 
time unit orders the system can handle in a time unit. 

p The capacity The capacity utilisation is defined as the fraction time the 
utilisation of a server server is really running or setting-up a production run, 

convertinq or MSA order. 
EB Average serving time The average time a production run, converting or MSA order 

is busy on the server; so running time plus set-up time. 
EW Average waiting time The average time a production run, converting or MSA order 

is waiting for free capacity of the server. 
ES Average system time The average time a production run, converting or MSA order 

is part of the queuing system; waiting and busy on the 
server. 

EH Average number of The average number of production runs, converting or MSA 
orders which are orders, which are in production on the c servers available. 
beinQ served 

EQ Average number of The average number of production runs, converting or MSA 
waitinQ orders orders, which are waiting for free capacity of the server. 

EX Average total number The average number of production runs, converting or MSA 
of orders orders, which are part of the queuing system. 
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Chapter 3. Queuing theory and performance measures 

Dependent on the sort of queuing model there are at least two input parameters; the average 
inter-arrival time [ J] and the average serving time [ p]. Most tested times have a general 
distribution, which makes the computations more difficult. Some extra input parameters must 
be introduced for calculating the waiting time. The extra parameters are the standard 
deviation of both times when the both used distributions are general distributions. 

The first three performance measures are directly linked with the average inter-arrival time 
and average serving time. 

o=½ 
p=½ 
EB= p 

The only time aspect we have to calculate is the average waiting time. With the average 
waiting time it is possible to calculate the other performance measures. The formulas for the 
average waiting time are dependent on the sort of queuing model. All given formulas are 
used in the integrated production model; M I M I 1 for the MSA part, M I G I 1 for the corrugator 
part and G I G I 1 for the converting part of the throughput time. 

a e - . i erent ormulas or the waiting time for different queuing models. T bl 3 2 D ff f f 

MIMl1 MIGl1 GIGl1 

EW =(p*p) 
l-p 

EW = ( p * p )- (t + c J) 
2(1- p) 

EWcc1 a11) "'EW(M IM 11) • ( c~ ; c: J 
[Pollaczek & Khinchin] 

Where c; = (~ r stands for the squared variation coefficient for the inter-arrival times. 

stands for the squared variation coefficient for the serving times. 

The average system time is calculated by the formula : 
ES=EB+EW 

EH, EQ & EX are calculated by the use of Little's formula. Little's formula connects the 
average number of production runs, converting or MSA orders, which are waiting or being 
served with the average waiting or serving time in the system. 

Little's formula: 

L=8*T 
where L 

T 
stands for the average number of production runs, converting or MSA orders. 
stands for the average time in the system of production runs, converting or 
MSA orders. 

So for EH, EQ & EX we get: 

EH=8*EB 
EQ=O*EW 
EX= 8* ES 
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3.3. Network queuing model 

The corrugator step till the MSA step are all linked to each other. The network system time 
can be calculated by modelling all steps in a network queuing model. All servers are 
modelled as MIMI c queuing models in the network. Due to the PASTA property of MIMI c 
queuing models it is possible to generate an inter-arrival relation per server. The inter-arrival 
relation links the equilibrium with K orders in the system to the equilibrium with (K-1) orders 
in the system. In the formula the i stands for any given server (machine) in the network. 

(
EB . J TI (EB . J ES;(K) = EW;(K) +EB;= EQ;(K -1) * -: + w;(K - 1) * -: + EB; 

Where: 

TI w; (K - 1) stands for the waiting chance of an order for server i with (K-1) orders in the 

system. 

The formula can be explained very easy. The system time [ES] is the waiting time [EW] plus 
the serving time [EB]. The waiting time is equal to the amount of waiting number of orders 
[EQ] one step earlier (K-1) multiplied by the needed serving time in the queuing model plus a 
change the extra order is entering that particular server (machine) multiplied by the needed 
serving time. 

The waiting change depends on the number of server available [c], the average serving time 
[EB] and the throughput per time unit [o]. In the formula the i stands for any given server 
(machine) in the network: 

If the number of servers is just one [c =1] the formula becomes very easy: 

TI w;(K-1) = o;(K - 1)* EB; 

The throughput per time unit depends on the number of orders in the system [K] and the visit 
frequency [1t]. The visit frequency is the ratio orders that are served by a particular server 
(machine). In the formula the i stands for any given server (machine) in the network: 

o;(K-1)= m (K-l)*1r; 

Lll";ES;(K -1) 
i=I 
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Chapter 4. The integrated production model 

4. The integrated production model 

4. 1. Introduction 

Phase two of the research approach is subject of chapter 4; the integrated production 
concept. The integrated production concept (model 6) is built out model 4 and 5. Model 4 and 
5 are discussed in more detail in this chapter. The first section contains a detailed description 
of the Lead-time, the Throughput time and their difference. The difference is very important 
for the rest of the modelling process and the outcome of the calculations. Section 4.3 till 
section 4.6 give overviews of the structure of several times, which are part of the Throughput 
time. Section 4. 7 gives an overview of the Network time. The Network time consists out the 
Corrugator time, the Converting time and the MSA time. All times are linked to each other. 
The Throughput time is one of the outcomes of the modelling process and consists out the 
Network time and the Planning time. The second outcome is the average sheet stock level in 
the buffer field. The last section will give the outcomes for Kappa Van Dam and a validation 
of the results. 

4.2. Lead-time analysis 

Every order has to pass several steps before delivery to the customer is possible. The Lead
time is the average time an order needs to pass all these steps from order entry till delivery 
to the customer. 

The process starts when a customer places a customer order at the Sales department. Every 
customer order has its own size and specification of corrugated board and a total number of 
boxes that has to be delivered. The customer order is first entered in the ERP-system. The 
customer order is now visible for the organisation. The customer order changes to a 
specification order ready for the planning. 

The second step in the Lead-time is the planning step of the specification order on the 
corrugator and next on the converting machines. The Planning time for an specification order 
is influenced by four factors: the specification of the customer order, the size of the product, 
the properties of the corrugator and the number of different widths of paper reel available for 
production. The planning process is described in detail in section 1.6. One or more 
specification orders are planned in a production run on the corrugator. If the production run is 
formed the production run has to wait for free capacity on the corrugator. In other words the 
production run becomes part of a waiting queue. The number of production runs that are 
waiting and their total volume in square meters influence the waiting time in the queue. So 
more (or longer) runs in the queue will result in longer waiting times. 

After a waiting period the corrugator has free capacity for the production run. The production 
run has a set-up time, which depends on the sequence of the production runs. For example a 
production run with a specification of B-flute is planned after a specification of B/C-flute will 
cause a longer set-up time, because more adjustments on the machine have to be done. If a 
production run with a B-flute specification is planned after an production run with also a B
flute specification it will take less set-up time. The running time depends on the running 
speed of the specification and on the total volume of the production run. After running the 
production run it is split up again in the several specification orders. Every specification order 
is transported to the buffer field. After transportation the specification order becomes a 
converting order; an order ready for conversion on a specific converting machine. 
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a e - . ea -time ana1vsis o an intearated olant. T bl 41 L d f 
Step Time elements Parameters 
Order entry Administration time Type of customer order 
Planning Planning time # knives/stackers & width of the 

corrugator 
Specification 
Sizes of product 
Reel widths on stock 

Corrugator Waiting time for capacity # production runs in the queue 
Set-up time for production run Total volume 
Running time Sequence production runs 
Transportation time to the buffer Running speed of specification 
field Volume per production run 

Converting Waiting time for capacity Converting orders in front of 
Set-up time for a converting order machine 
Running time of the order Total volume 
Transportation time to MSA Type product 

Running speed of specification 
Volume of the convertino order 

MSA Waiting time for free capacity # stacks in front of machine 
Running time of stacks of finished 
products 
Transportation time to trailer (or 
warehouse) 

Stockpiling Waiting time till transportation to Type of customer order 
customer (# pallets) 
(LoadinQ trailers from warehouse) 

Transport Transportation time to customer Distance 

The fourth step starts in the buffer field where a converting order waits for free converting 
capacity. The converting orders are all converted individually. The set-up time element of the 
fourth step depends on the production techniques that have to be performed. The running 
time element of the converting order depends on the running speed and on the total number 
of boxes. After running the converting order it is transported to the MSA. The converting 
order becomes a MSA order; an order ready for palletising and strapping. 

The MSA order is palletised and strapped in step five to make transportation to the customer 
possible. The sixth step is stocking the MSA order in the warehouse where it waits for 
transportation to the customer. The MSA order becomes the original customer order again . 
The last step is physical transportation of the customer order to the customer. All seven 
steps are summarised in Table 4-1. All steps are divided into time elements with their 
influencing factors. 

The seven steps of the Lead-time are used to model the production concept. The first 
assumption is a constant value for the order entry step in the Lead-time to the customer. The 
order entry step contains some administration steps like entering the order in the ERP
system, checking the available converting capacity, confirm customer orders, etc. This time 
element is compare to the other time elements very small. 
The second assumption is a constant value for the Stocking time. This assumption needs 
more explanation. The Sales representative agrees on a delivery date with the customers 
before the order is entered in the ERP-system. On the agreed delivery date the order must 
be delivered. In other words on that day transportation to the customer is planned. The 
planners of the corrugator and converting machines try to plan the customer order in such a 
way that the customer order is produced in time. Normally the customer order is finished with 
production the day before transportation. The customer order is stocked for the rest of the 
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production day. So it is possible to calculate a constant value for the Stocking time. The third 
assumption in the model is a constant value for the Transportation time to the customer. The 
transportation time contains the driving time but also loading and unloading the trailer at the 
sites. A fourth assumption is necessary in the model: the specification orders are planned per 
specification. So customer orders in specification j are not produced in specification k or visa 
versa. It is now possible to calculate the Planning time (part of model 4) for every 
specification individually. 

All four assumptions are made to simplify the modelling process. It is most interesting to 
know for an integrated factory what the average time is of step two (planning) till the end of 
step five (MSA); the average Throughput time of a customer order. The interest is there 
because the average Throughput time is the quickest time you can produce a customer order 
without excessive costs and organisational disruption in your factory. The orders are planned 
and produced according an average time scale for all orders. In other words a longer 
Throughput time has a negative impact on for example rush orders and production mistakes 
in the converting. A rush order can be defined as a customer order, which has a shorter 
agreed Lead-time than the average Throughput time. Mistakes in the converting step result 
in ordering new sheets at the sheetfeeder and mostly those orders become rush orders for 
the whole chain. If the Throughput time gets longer, more rush orders will be existed 
according the definition. The Lead-time contains all steps visualised in Figure 4-2. The 
Throughput time of a customer order at the integrated factory is also visualised in the Figure. 

Order 
entry 

Planning Corrugator 
queue 

1 

Buffer 
field 

MSA Stock Transport 

2 

1. Set-up and running time production run on the corrugator 
Throughput time 2. Set-up and running time of a converting order on a converting machine 

Figure 4-2. Throughput time of a customer order at the integrated factory. 

The seven steps forming the Lead-time are also shown graphically in Figure 4-3. The 
Throughput time is visualised with the yellow colour. Per Throughput time step there are at 
the most four input parameters necessary to model the production process with queuing 
models; the average inter-arrival time, the average serving time and the standard deviations 
of these times. All input parameters are influenced by several factors, which are used to 
calculate the input parameters. The outcome of the model is the Throughput time (consisting 
out a Planning time and a Network time) through the system and the average sheet stock 
position in the buffer field . In formulas: 

• T (}) = TP/an (}) + TNetwork U=1,2, .. ,U) 

Where T(j) stands for the average Throughput time for a customer order of specification j. 

fP,an (j) stands for the average Planning time for a customer order of specification j. 

f Network stands for the average Network time for a customer order. 

(s=1,2, .. ,S) 
s=I 

Where Sconv stands for the average stock position in the buffer field. 

EQs stands for the average volume in m2 waiting for free converting capacity in 

front of converting machines. 
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Figure 4-3. The graphical representation of the integrated production concept. 
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4.3. The Planning time 

The Planning time is calculated for each specification and depends on the inter-arrival time of 
specification orders [A j ] and the combination factor [cpj]. The planning step can not be 

modelled with queuing models, because there is no server in the process step. Specification 
orders are arriving at the planning (the inter-arrival time) and have to wait until a 
predetermined number of orders are available (the combination factor) [9] . If the exact 
amount of predetermined number of specfication orders are arrived, the orders are combined 
to a production run for the corrugator. The production run is immediately placed in the queue 
in front of the corrugator. 

The average Planning time ( T Pian (j) ) is half the time to get the average number of orders in 

a production run minus one multiplied by the average inter-arrival time. In formula: 

U=1,2, .. ,U) (1) 

4.3.1. The inter-arrival time 

Table 4-1 shows the factors , which influence the inter-arrival time of specification orders. 

T bl 4 1 F fl a e - . actors in uenclng the inter-arrival time of specification orders. 
Factor Unit Definition Symbol 
Specification orders The number of specification orders over a period SpecOi 
in period X of time (for example one year) 
Gross production hours The total numbers of operation hours over a GPcor 
hours corrugator period of time (for example one year) 

The average inter-arrival time between successive specification orders [A) in minutes 

depends on two factors; the Gross Production hours of the corrugator in period X and the 
total number of specification orders in specification j in period X. In formula: 

A _ GPcor *60/ 
j - / SpecOj U=1,2, .. ,U) (2) 

4.3.2. The combination factor 

Table 4-2 shows the factors, which influence the combination factor of specification j. 

T bl 4 2 F t I fl a e - . ac ors n uencmg th b' t' f t e com ma 10n ac or. 
Factor Unit Definition Symbol 
Specification orders The number of specification orders over a period SpecOi 
in period X of time (for example one year) 
Production runs The total number of production runs in Runi 
specification j in specification j over a period of time (for example 
period X one year) 

The combination factor is the second input parameter for the Planning time in the production 
model. The factor depends on the total number of production runs of specification j and the 
total number of specification orders of specification j. In formula: 

_SpecO¾. 
rp j - Run . 

J 

U=1,2, .. ,U) (3) 
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4.4. The Corrugator time 

The corrugator step can be modelled as an M I G I 1 queuing model with exponential 
distributed inter-arrival times and general distributed serving times of production runs. The 
argumentation for using exponential distributed inter-arrival times for production runs is 
based on the exponential distributed inter-arrival times of specification orders. If you combine 
specification orders, which have exponential distributed inter-arrival times you will create 
production runs, which have also exponential distributed inter-arrival times. This statement is 
proved in the queuing theory and is based on the memoryless property of the exponential 
distribution [6]. The argumentation for the use of exponential distributed inter-arrival times of 
specification orders is given in Appendix 81. 
The serving times of production runs is general distributed. The argumentation for the use of 
general distributed serving times is given in Appendix 82 where a sample of 100 production 
runs is tested for the exponential distribution. 
The use of the general distribution makes the calculations more complex, because an extra 
input parameter (the standard deviation) is necessary for the calculation of the average 
system time through the corrugator step. The average system time is the time a production 
run, converting or MSA order is part of the queuing system; waiting and·busy on the server. 

The Corrugator time [EScarl is calculated for obtaining an average system time through the 
corrugator step. The Corrugator time depends on the inter-arrival time of production runs, the 
average serving time on the corrugator and the standard deviation of the serving time of 
production runs. The Corrugator time does not depend on the sort of specification, because 
all set-up and running times of the production runs of every specification are summarised 
and divided by the total number of production runs. 

4.4. 1. The inter-arrival time of production runs 

Table 4-3 shows the factors, which influence the inter-arrival time of production runs. 

a e - . ac ors m T bl 4 3 F t . fl uencmg e m er-amva time o pro uct1on runs. th . t . I . f d 

Factor Unit Definition Symbol 
Gross production hours The total numbers of operation hours over a GPcor 
hours corruQator period of time (for example one year) 
Production runs The total number of production runs in Runi 
specification j in specification j over a period of time (for example 
period X one year) 
Waste factor The waste factor determines the difference 13 

between gross and net production. Gross 
production volume contains also trimm-waste, 
waste due to quality problems and set-up waste. 

The inter-arrival time of production runs [ A co, ] depends on the Gross Production hours of 

the corrugator in period X, the total number of production runs in period X and the waste 
factor. The total number of production runs in period X is a summation over all specifications. 
The waste factor is necessary because more production runs are produced due to waste. In 
formula: 

A cor = GPCorli60 U * (1- p} 
I(Runj) 
j=O 

0=1,2, .. ,U) (4) 
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4.4.2. The serving time of production runs 

Table 4-4 shows the factors, which influence the serving time of production runs. 

T bl 4-4 F a e actors m uencmg t e serving time o production runs. . fl h f 

Factor Unit Definition Symbol 
Demand in period X m2 The demand in m2 of specification j over a Di 

period of time (for example one year) 
Corrugator width m The average used width of the corrugator for Si 

specification i 
Running speed m/min The average running speed during running on \j/j 

production run of specification i 
Production runs The total number of production runs in Runi 
specification j in specification j over a period of time (for example 
period X one year) 
Set-up time min The average set-up time for a production run on Scor 

the corruqator 
StDev corrugator min The standard deviation of the serving time on O"cor 

the corruqator of a production run 

The average serving time LPco,1 has a set-up time element and a running time element. The 

average serving time is the total set-up time plus the total running time of all specifications in 
period X divided by the total number of production runs over period X. 

U=1,2, .. ,U) 

Where: TPS stands for the total serving time for all production runs in period X. 
TRi stands for the total running time for specification j in period X. 
TSi stands for the total set-up time for specification j in period X. 

(5) 

The total running time for specification j [TRi] depends on three factors: the demand in period 
X, the average used corrugator width and the average running speed on the corrugator. The 
running time is calculated with the next formula: 

D. 
TRj = s / U=1,2, .. ,U) (6) 

j 1/fj 

The total set-up time for specification j [TSi] depends on two factors: the average set-up time 
on the corrugator and the total number of production runs of specification j in period X. The 
formula is: 

(7) 

The third input parameter is the standard deviation of the serving time on production runs 
[crcorl The standard deviation is necessary for calculating the average waiting time for free 
corrugator capacity for any given production run. The standard deviation has to be calculated 
out a real data sample or experts within the company must estimate the value. If a real data 
sample is available, the same data can be used to calculate an average serving time. This 
serving time must be approximately the same as calculated in the previous section. 
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4.4.3. The output of the Corrugator model 

The system time through the corrugator step is the output of the calculations. The calculation 
is: 

ES - EB EW - - (Pcor * Pcor ) * (1 2 ) Cor - Cor + Cor - P Cor + ( _ ) + C Cor 
2 1 Pcor 

(8) 

Where: Pcor stands for the capacity utilisation of the corrugator. 
2 

Ccor stands for the squared variation coefficient of the serving time of a production 

run on the corrugator. 

A cor 
P cor =-=-

P cor 
and 

4.5. The Converting time 

c2 = (a Cor )
2 

Cor -
P cor 

(9, 10) 

The converting step can be modelled as a GIGl1 queuing models with general distributed 
inter-arrival and serving times of converting orders for each converting machine. The inter
arrival time of converting orders is assumed to be general distributed. If the corrugator is the 
critical resource the machine has enough work to produce constantly to feed the converting 
machines. After a production run is finished new converting orders are entering the 
converting step. In other words the end of the serving time of production runs is the arrival 
time of converting orders. The serving time for a production run is general distributed, so the 
inter-arrival times of converting orders are general distributed as well. 
The serving times of converting orders is general distributed. The argumentation for using 
general serving times for converting orders is given in Appendix B3 where for two converting 
machines at Kappa Van Dam are tested for exponential distributed serving times. 
The use of general distributions makes the calculations extra complex. Two extra input 
parameters are necessary for calculating the average waiting time. 

The Converting time [ESs] is calculated for obtaining the average system time through the 
converting step for each individual converting machine. The Converting time depends on the 
inter-arrival time of converting orders, the average serving time on the converting machines 
and both standard deviations. 

4.5.1. The arrival time of a converting order for a given converting machine 

Table 4-5 shows the factors, which influence the arriving time of converting orders. 

T bl 4 F a e -5. actors m uencmg t e amva time o converting or ers. . fl h • I • f d 
Factor Unit Definition 
Converting orders in The number of converting orders over a period X 
period X (for example one year) 
Gross production hours The total numbers of operation hours over a 
hours corruqator period of time (for example one year) 
StDev corrugator min The standard deviation of the serving time on the 

corruqator of a production run 

Symbol 
ConvOs 

GPcor 

crcor 

The arrival of converting orders depends on two factors: the number of converting orders 
over period X for the converting machine and the Gross Production hours for the corrugator 
in period X. The Gross Production hours for the corrugator is used because a converting 
order is able to arrive at the converting machine when the corrugator machine is operational. 
So a converting order can also arrive when the converting machine is not operational. 
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A, _ GPCor * 60/ 
s - / ConvOs (s=1,2, .. ,S) (11) 

For the calculations of the average waiting time the standard deviation is also needed of the 
serving time of a production run [crcarl (see the formulas in section 4.5.3). 

4.5.2. The serving time of converting orders 

Table 4-6 shows the factors, which influence the serving time of converting orders. 

a e - . ac ors m uencmg t e serving time o a converting order. T bl 4 6 F t . fl h f 

Factor Unit Definition Symbol 
Converting orders The number of converting orders over a period X ConvOs 
over period X (for example one year) 
Non-productive % The percentage of total hours that is not used for Xs 
time setting-up the converting machine or running the 

converting orders. 
Gross production hours The total numbers of operation hours over a period GPs 
hours converter of time (for example one year) 
StDev converting min The standard deviation of the serving time on the <:rs 

convertinq machine of a convertinq order 

The average serving time of a converting order is calculated for every individual converting 
machine. The serving time depends on three factors: the percentage non-productive time, 
the Gross Production hours of the converting machine and the number of converting orders. 
All factors are over a period X. By using the non-productive time we can calculate the total 
set-up time and running time in one step instead of two steps as in the corrugator step. The 
average serving time is calculated with the formula: 

Ps = ((1 - xJ* GPS * 60] 
ConvOs 

(s=1,2, .. ,S) (12) 

The fourth input parameter is the standard deviation of the serving time of a converting order 
[cr5]. The standard deviation has to be calculated out a real data sample or experts within the 
organisation must estimate the value. If a real data sample is available, the same data can 
be used to determine the value for the average serving time. This serving time must be 
approximately the same as calculated in the previous section. 

4.5.3. The output of the Converting model 

The system time through the converting step and the average number of converting orders 
waiting for free capacity on the converter [EQ..] are the output of the calculations for the 
converting step. The average number of converting orders waiting for free capacity on the 
converter is necessary for calculating the amount of automatic conveyer system needed in 
the buffer field at the factory. The calculations are: 

Es -EB EW _- ( Ps *Ps )*( 2 2) • s - s + s - Ps + Z(l- Ps) Ccor + Cs (s=1,2, .. ,S) 

Where: Ps 
c2 

s 

stands for the capacity utilisation of the converter. 

stands for the squared variation coefficient of the serving time of a 

converting order. 
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and c; = (;J (s=1,2, .. ,S) (14,15) 

■ 

( 
Ps * Ps ]*/C2 +c2) 

EW 2(1 - } ~ Car s 
EQ =--s =---P_s _____ _ 

s As As (s=1,2, .. ,S) (16) 

4.6. The Manufacturing Support Area time 

The Manufacturing Support Area time [ESMsAl is very small compare to the Planning time, 
the Corrugator time and the Converting time. This time element has a very small impact in 
the total Throughput time, but can not be neglected. The MSA time is important for the 
simplification of the calculations of the average Throughput time in the network. For 
simplification of the calculations for the MSA time we assume that the inter-arrival time and 
the serving time are exponential distributed for MSA orders. In other words the MSA step can 
be modelled as an M I M I 1 queuing model. The inter-arrival time and serving time of MSA 
orders have to be estimated to calculate the Manufacturing Support Area time. There are no 
standard deviations necessary for the calculation. The calculation can be done with the 
formula: 

Es E'B Ew - (PMSA * PMSA ) 
MSA = MSA + MSA = p MSA + ( _ ) 

2 1 P MsA 

Where PMsA stands for the capacity utilisation of the MSA. 

AMSA 
PMSA =-=---

PMSA 

4. 7. The Network time 

(17) 

(18) 

The Network time is the second time element for calculating the Throughput time. The 
average system times [EScor, ES5 (s=1,2, ... ,S), ESMsAl were calculated for parts of the 
network in the previous sections. The system time for the converting part has multiple system 
times for every converting machine one. A network is able to calculate the average system 
time for an average customer order through the whole network, the Network time [ T Network ]. 

So the Network time is independent on what converting machine is used in the production. 
The network consists out the corrugator, all converting machines and the MSA production 
step. So all machines are included and their relation with ,each other are described by visit 
frequencies [1tcor, 1tconv, 1t5 (s=1,2, .. ,S)]. The network model (corrugator, converting and MSA) 
is visualised in Figure 4-4. 

The network model is model 5 in the research approach. The model can only be constructed 
with MIMI c queuing systems. The reason is that with exponential distributed inter-arrival 
and serving times it is possible to calculate inter-arrival relations for all machines in the 
network. The inter-arrival relation links the equilibrium with K orders in the system to the 
equilibrium with K-1 orders in the system for all machines individually. With this relation it is 
possible to calculate the Network time by different amount of customer orders in the total 
network system. The M I M I c network model is not really realistic for an integrated factory, 
but if we know the waiting times for all machines in the MIMI c network it is also possible to 
calculate the right waiting times according to the used queuing systems (MIG I 1; GIG I c). 
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Jr s 

7tconv 7t 

13 

Figure 4-4. The network model with the visit frequencies. 

The input parameters for the Network time are the visit frequencies and the serving times for 
the corrugator, all converting machines and the MSA. The serving times were all calculated 
in the previous sections. The visit frequencies are described in the next sub section. 

4. 7.1. The visit frequencies 

The visit frequencies link all machines in the network with each other. The corrugator visit 
frequency for example is a combination of the value 1 and the waste factor. The value 1 is 
because the corrugator produces all corrugated sheets, in other words all customer orders 
have to go through the corrugator. The waste factor is added because more m2 are produced 
on the corrugator than is converted on the converting machines. All customer orders must be 
converted as well (assumption) so the visit frequency for all converting machines [1tconv] is 1. 
The MSA visit frequency has the value 1 as well, because here the assumption is made that 
all customer orders are palletised and strapped for a good transportation handling. In 
between these two values (1tconv and 1tMsA) are the different visit frequencies for the individual 
converting machines. The calculations are based on the difference in demand in m2 per 
machine in relation to the total demand over all machines. The formula: 

"· -( ;f v.) (s=1,2, ... ,S) (19) 

All visit frequencies have to be standardised by setting the corrugator frequency at value 1. 
The converting and MSA inter-arrival times have to be divided by the corrugator inter-arrival 
time plus the Waste factor. Table 4-7 shows the results for all visit frequencies. 
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a e - . e v1s1t requencies or a T bl 4 7 Th . . f f II network parts. 

Network part Visit The visit frequency Standardisation 
frequency calculation 

Corrugator 1tcor = 1+B = (1 +B)/(1 +B) = 1 
Converting 1tconv = 1 = 1/(1 +(3) 
Individual 

= [11D, }s=1,2,. ,S) = [11D, lf + p) 

converting 1ts (s=1,2, ... ,S) 
machine 

(s=1,2, ... ,S) 
MSA L1t .. = 1 = 1/(1+B) 

4. 7.2. The serving times standardisations 

The standardisations of the serving times are necessary to balance the network. It is also 
possible to compare the integrated production concept between two or more factories or with 
the sheetfeeder production concept due to second standardisations. The sheetfeeder 
concept is subject of chapter 5 en the comparison between both production concepts is 
discussed in chapter 6. 

The first adjustment is equalising the Gross Production hours and the second adjustment is 
recalculating all serving times for units of 10.000 m2

• 

1. The network model calculates the output with equal Gross Production hours for all 
machines. Some converting machines operate half the time the corrugator is operational. 
Converting orders are produced by the corrugator and can not directly converted 
because the converting machine has for example no personnel available. So you have to 
adjust the serving time of the converting machine by a time standardisation factor [T5]. 

The machine with the most Gross Production hours must be the standard (in the most 
cases the corrugator). All other machines have to divide their Gross Production hours by 
the standard Gross Production hours. Result is that the Gross Production hours are the 
same for all machines, but the serving time of the converting machine increase due to 
the time standardisation factor. The result is an equal amount of produced m2 in the 
standardised situation compare to the "old" situation, but with a balanced network. 

Ts =(G~ /GP. ) and Ps(st)=Ps/T (s=1,2, ... ,S) (20,21) / G Cor / Ts 

2. All serving times must be recalculated as well to a standard of 10.000 m2
, because then 

it is possible to compare all serving times in the production model with other integrated 
factories or other production concepts. The corrugator serving time is corrected by the 
factor 10.000 divided by the average size of a production run. 

Pcor (st,10.000) = Pcor (st)* 
10.000 

t,nj /t,(RunJ 0=1,2, .. . ,U) (22) 

For the converting machines the correction factor has the same form. The difference is 
that the calculation is performed for each individual converting machine. 

p
5
(st ,l0.000)=p

5
(st)*( lO.OOO J 

Ds / ConvOs 
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4. 7.3. The output of the Network model 

After all standardisations we are able to calculate the output for the network model; the 
Network time for any given K [ESNetwor1<(K)]. The Mean Value Analysis algorithm is used for all 
calculations. A detailed description of the MVA algorithm is put in as an Appendix C. This sub 
section shows only the output of the calculations. 

The output after the MVA algorithm is for every K (K = 1,2, ... ) a Network time with the 
formula: 

K K 
TNetwork (K) = ES Network (K) = --- = -- (24) 

'5 Network b MSA 

Where K stands for the number of units of 10.000 m2 in the network model. 
8 Network stands for the throughput per time unit in the network. 

8 MsA stands for the throughput per time unit in the MSA. 

The throughput time per time unit in the MSA is used as the throughput per time unit of the 
network, because all customer orders will come through this particular area. Every customer 
order leaving the network allows a new customer order to enter the network (K remains the 
same). 

The next step in determining the right system time for an average customer order through the 
network is getting the right K for the integrated factory and so the right Network time. The 
right K can be obtained from the Corrugator time calculated in section 4.3 as follow: 
The calculated Corrugator time [EScor] can be divided into an average waiting time [EWcor] 
and an average serving time [EBcorl The average waiting time is calculated for an M I G I 1 
queuing model, but in the network model the average waiting time for an M I M I 1 queuing 
model is necessary. The average waiting time for the corrugator in an MIMI 1 queuing model 
will be: 

EW = (Pcor * Pcor J (25) 
Cor (1- PcoJ 

This value for the average waiting time for an M I M I 1 queuing model for the corrugator is 
part of the calculations in the MVA algorithm. It is now easy to obtain the right K, because 
you can search the calculated value of the waiting time for the corrugator in the MVA 
algorithm and you will find the corresponding K. All other performance measures for all other 
machines are available now as well in the MVA algorithm {the K is known). 

A final correction is necessary, because now we know the right ESNe1wor1<(K) for an MIMI c 
network. The production model for an integrated corrugated plant is not an M I M I c network. 
All waiting times [EW] in the MVA algorithm at the right K have to be adjusted dependent on 
the real form of the queuing model. So for a converting machine (GIGI c) the adjustments 
must be made with the formula: 

(
c

2 

+c
2 J EWs (GIGI c) = EWs (MIMI c) * Cor 

2 
s (s=1,2, .. . ,S) (26) 

Due to the changes in the average waiting times, the average system times will change as 
well (ES = EW + EB). The average amount of waiting units of 10.000m2 for free converting 
capacity [EQ] will change as well (EQ = o * EW) and the total amount of units of 1 0.000m2 in 
the whole system [EX, K] will change as well (EX= K = EQ + EH). The changes in the EQ for 
the converting machines are important for recalculating the need for buffer field (automatic 
conveyer systems). 
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4.8. The results for an integrated plant 

The main results of the production model are the Throughput time for one unit of 10.000 m2 

and the average sheet stock level in the buffer field. 

• T (j) = TP/an (j) + TNetwork 0=1,2, ... ,U) 
s 

• SConv = LEQs * 10.000 (s=1,2, ... ,S) 
s=I 

The formulas are also given in section 4.2 on page 19. Formula (1) for TPlan (j) is given on 

page 21, formula (24) for f,,eiwork is given on page 29 and formula (16) for EQs is given op 
page 26. 

4.8. 1. An example of an integrated factory; Kappa Van Dam 

The integrated production model is filled in with data from the integrated factory Kappa Van 
Dam (see Appendix D). The results of the calculations for Kappa Van Dam are: 

• T (j) = TP/an (j) + TNetwork = 31,4 hours 
The Throughput time for Kappa Van Dam is on average 31,4 hours on a 17 hours 
workday. The production steps (corrugator till MSA) are performed in a little bit more than 
13 hours, the Network time. The Planning time is on average 18 hours. 

s 
• SConv = LEQs *10.000 = 10,7833*10.000 = 107.833m2

• 

s=I 

The average sheet stock level in the buffer field is 107.833 m2
• In the Appendix the 

average stock positions for every converting machine are also shown. The buffer field 
must be big enough to stock 170.175 m2 to be sure for 95% of the cases. 

4.8.2. The validation for Kappa Van Dam 

The construction of the integrated production model is completely described in the previous 
sections. Phase three in the research approach, validation of the integrated production 
model, has to be performed before the extension to the sheetfeeder production concept is 
possible. 

The results from the integrated production model are checked with qualitative interviews with 
experts in the organisation. The logistic manager and the project manager of Kappa Van 
Dam are asked for their opinion on the results. 

1. The Throughput time 

On the question in what time scale a customer order is planned and produced in the factory 
both responded that customer orders are planned in two and a half shifts and produced in 
less than two shifts. The total Planning time is 20 hours (two and a half shift), the calculated 
Planning time by the model is 18 hours. The main difference between both values is that in 
reality the planners do have some work by combining specification orders to production runs 
for example entering data into the ERP-system, printing documents, etc. The model however 
contains only a waiting time to get the predetermined number of specification orders. 
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Corrugator 

Converting 

Wednesday Thursday 

Night Night 

Night Night 

Figure 4-5. An overview of the average planning time scale on the corrugator and converters. 

The Network time can be explained by the planning time scale for the corrugator and 
converting machines in Figure 4-5. The planned specification orders in a production run for 
production on the corrugator on Wednesday are visualised in the red square. The conversion 
is planned to start seven hours later, because the average waiting time in the buffer field is 
approximately seven hours. The corrugator produces specification order A part of production 
run X on Wednesday. In theory the fastest time specification order A starts with converting, is 
directly after finishing production on the corrugator (so the average serving time of a 
production run). The latest time specification order A finishes converting is just before the 
second shift starts the following day, because then the planned orders for Thursday are 
starting with conversion. So the average system time of a customer order is on average the 
fastest time plus the slowest time divided by two. The fastest time is the average serving time 
for production runs plus the average serving time for converting orders (no waiting time in the 
buffer), so 41 minutes + 79 minutes = 120 minutes (2 hours). The slowest time is almost 
three shifts, so 17 hours + 7 hours = 24 hours. Both times are without palletising and 
strapping. The average system time through the factory (without MSA) is (2 + 24)/2 = 13 
hours. If the MSA time is added up, the Network time will be 13 ½ hours. The calculated 
average Network time by the model for production on the corrugator, converting and MSA is 
794 minutes ( ""13 ¼ hours). 

The Throughput time calculated by the model (31,4 hrs) differs from the average 
Throughput time which is used as the norm (33,5 hrs) with 6,3%. 

2. The average stock position of Kappa Van Dam 

On the question how much sheet stock is stored on average in the buffer field, both said that 
on average the buffer field is filled with less than one shift of work. In other words on average 
there is for six to eight hours of work in the buffer field. 
• On average the production produces 250.000 m2 per day of packaging material. 

(60 million m2 per year/240 working days per year) 
• So all converting machines together convert on average 15.625 m2 per hour. 

(250.000 m2 per day/16 working hours per day) 
• So the stock fluctuates between the 6 * 15.625 = 93. 750 m2 and 8 * 15.625 = 125.000 m2

. 

The average stock calculated by the model (107.833 m2
) falls between the two limits; 

93.750-125.000 m2
• 
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5. The sheetfeeder production model 

5. 1. Introduction 

Phase four of the research approach is subject of chapter 5; the extension from the 
integrated production model to the sheetfeeder production model. The sheetfeeder 
production concept is introduced in chapter 1 and 2. 

The sheetfeeder production model (model 8) is build out model 4 and 7. Model 4 is for the 
sheetfeeder production concept the same as for the integrated production concept, but of 
course with different inter-arrival times of specification orders and different combination 
factors. Model 7 is an extension of model 5, which was described in chapter 4. So the 
Throughput time for a customer order in the sheetfeeder production model contains the same 
two time elements; a Planning time and a Network time. The Network time differs from the 
integrated production concept Network time, because extra logistic activities, as for example 
an extra transportation handling, are necessary in the chain. 

Section 5.2 contains a description of the three extra steps needed in the Lead-time and the 
Throughput time. The next two sections describe the Forming time and Transportation time. 
In section 5.5 the new Network time is considered and the last section gives the results for 
the sheetfeeder production concept with Kappa RapidCorr Eindhoven as the sheetfeeder, 
Kappa Van Dam and Kappa Hermes as the converters. 

5.2. New Lead-time analysis 

In the sheetfeeder production concept three extra steps are necessary to complete the 
customer order path from order entry till transportation to the customer. The three steps are 
all necessary for the extra transportation handling from sheetfeeder to converter, so all three 
steps are in between the corrugator and the converting step. The extra steps are: 
1. Forming the load at the sheetfeeder 
2. Physical transportation of the load to the converter 
3. Receiving the load at the converter 

After the corrugated sheet production on the corrugator the sheets have to be transported to 
the converter for conversion. The transportation handling has to be performed in the most 
economical way. In other words a transportation load must contain as many square meters of 
corrugated sheets as possible to reduce the transportation costs per square meter. It is 
possible that by obtaining the optimal transportation load, stacks of corrugated sheets of 
different customer orders are combined in a load to the converter. 

The process of forming a transportation load contains several actions. Action 1 is the 
planning of the load. The transport planner plans the different forming orders in a load to the 
converter. A forming order is one stack of corrugated sheets ready to be placed in a 
transportation load. Each stack gets its own place in the transportation load. Action 2 is the 
call-off of the forming orders. If the forming order is called off the stack will be transported to 
an extra MSA handling for securing the stack during transportation. This is action 3. Action 4 
is putting every stack on the planned place in the transportation load. If all forming orders are 
placed, the load is formed and ready for physical transportation. 

The second extra step starts when the load is formed. The load has to wait for free trailer and 
lorry capacity. If a trailer and a lorry are available the load is loaded into the trailer, the 
transportation to the converter is performed and the load is unloaded again at the converter. 

The last extra step is receiving the sheets at the converter. This extra step starts when the 
transportation load is unloaded at the converter. The activities that have to be performed are 
a (quick) quality check, removing the (pallet&) strap and finally internal transportation to the 
right place in the buffer field at the converter. The internal transport is more complex, 
because loads are optimised. All forming orders for the same customer order have to be 
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combined again at the converter to create the converting order. The converting order is ready 
for the converting step. Figure 5-1 gives an overview of the sheetfeeder production concept. 

Paper & Board 
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' ,. 

COOP 

Corru
gator 
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Figure 5-1. The sheetfeeder production process for corrugated packaging material. 

Customer 
(Converter) 

The Lead-time and the Throughput time contain all three extra steps. The third extra step 
(receiving the sheets) is assumed to be non-time consuming compared to all other steps in 
the Lead-time. The forming step and transportation step do add a reasonable extra time in 
the total Lead-time and Throughput time. So only the first two extra steps are part of the new 
Network time. The forming step and transportation step are explained first in the following 
two sections. 

Next to the extra steps in the Lead-time there is also an extra organisation necessary in the 
customer order path from order entry till delivery to the customer. If we compare Figure 5-1 
with Figure 1-3 on page 3 (the integrated production process for corrugated packaging 
material) we are able to see that three organisations are part of the customer order path for 
the sheetfeeder production concept; the sheetfeeder, converter and customer. For the 
integrated production concept there are just two organisations in the customer order path; 
the integrated factory and customer. If a customer has a request to order (or change) a 
customer order, the customer must do the request directly to the integrated factory (or 
converter). The response in the integrated factory will go directly back to the customer where 
the response in the sheetfeeder production concept depends on the response from the 
sheetfeeder to the converter. In other words the decision chain is longer in the sheetfeeder 
production concept. Figure 5-2 shows the decision chains graphically. 

Customer's ◄ ····
request 

►, I 

Integrated factory 

Figure 5-2. The decision chain for the integrated and sheetfeeder production concept. 
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5.3. The Forming time 

First of all an assumption must be made to make it possible to model the formation area. The 
formation area is a huge area with several machines performing different handling such as 
transfer cars, strapping machines, etc. The assumption is that the server in the formation 
area is the bottleneck capacity in the formation area (so for example the transfer car). With 
the assumption it is possible to model the forming step with queuing theory. 

The forming step is modelled as a GIG I 1 queuing model with general distributed inter
arrival times and general distributed serving times of forming loads. The argumentation for 
using the general distribution for the inter-arrival times is the same as described for the inter
arrival time for the converting machine in section 4.5 for the integrated production model. The 
corrugator has a general distributed serving time and the end of the serving time is the arrival 
time for the forming orders. 
The general distribution is also used for the serving times for forming loads (assumption in 
the model). 

The Forming time [ESForm] is the average system time for forming a load for a converter. The 
Forming time depends on the inter-arrival time of production runs from the corrugator, the 
serving time of forming loads and both standard deviations. 

5.3.1. The inter-arrival time 

Table 5-1 shows the factors, which influence the inter-arrival time of forming orders. 

T bl 5 1 F t . fl a e - . ac ors m uencmg e m er-arnva 1me o th . t . If ff d ormmg or ers. 

Factor Unit Definition Symbol 
Forming orders in The number op forming orders over a period FormO 
period X of time (for example one year) 
Gross production hours The total number of operation hours over a GPcor 
hours corrugator period of time (for example one year) 
StDev corrugator min The standard deviation of an average <Jcor 

production run on the corrugator 

The inter-arrival time of forming orders ["-Form] depends on two factors: the number of forming 
orders in period X and the gross production hours for the corrugator in period X. The number 
of forming orders is the total number of stacks of corrugated sheets the corrugator produces 
in period X. The gross production hours for the corrugator is used because the formation 
area has the same operating hours as the corrugator. 

/4 _ GPCor *60/ 
Form - IFormO (1) 

In order to compute the average waiting time for a forming order the standard deviation of an 
average production run [crcor] is also necessary (see the formula in section 5.3.3). 

5.3.2. The serving time 

Table 5-2 shows the factors, which influence the serving time of forming orders. 

Table 5-2. Factors influencing the serving time o ff d orming or ers. 

Factor Unit Definition Symbol 
Forming orders in The number op forming orders over a period FormO 
period X of time (for example one year) 
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Trailers in period X The number of trailers loaded in period X (for Trailers1 
example one vear) for converter t 

Bottleneck capacity FormO The server with the lowest capacity in the Bcap 
per whole formation area 
hour 

StDev formation min The standard deviation of a transportation O"Form 
load in the formation area 

The average serving time for forming a load depends on three factors: the number of forming 
orders in period X, the number of loaded trailers in period X and the bottleneck capacity in 
the formation area. The bottleneck capacity [Bcap] is the server with the lowest capacity in 
the whole formation area noted as the number of forming orders per hour. 

Form~ / t Trailers, 
P Form = B *60 (t=1 ,2, .. . ,T} (2) 

cap 

For calculating the average waiting time there is also a standard deviation necessary. The 
standard deviation has to be calculated out a real data sample or experts within the company 
must estimate the value. If a real data sample is available, the same data can be used to 
calculate an average serving time. This serving time must be approximately the same as 
calculated in the previous section. 

5.3.3. The output of the Forming time 

The system time through the forming step [ESForm] and the average number of forming orders 
waiting for free capacity on the bottleneck server [EOForm] are the output of the calculations of 
the forming step. The average number of forming orders waiting for free capacity on the 
bottleneck server is necessary for calculating the amount of automatic conveyer system in 
the formation area at the sheetfeeder. The calculations are: 

• 

• 

Es -EB EW - - (P Form * J5Form ]*{ 2 2 ) 
Form - Form + Form - P Form + ( ) \ C Cor + C Form 

2( 1- P Form 

Where p Form stands for the capacity utilisation of the bottleneck server. 

c ~orm stands for the squared variation coefficient of the serving time of a 

trailer load. 

A Form 
P Form =-_--

PForm 

and C 2 = ((j Form J
2 

Form -
PForm 

, ( P Form * P Form J * { C 2 + C 2 ) 

2((l _ ) ~ Cor Form 
EQ = EWForm =---P_ F,_o_rm _____ _ 

Form A A 
Form Form 

5.4. The Transportation time 

(3) 

(4,5) 

(6) 

The transportation step can be modelled as a G I G I c queuing model with general distributed 
inter-arrival times and general distributed serving times for the transportation of loads for 
every converter. The inter-arrival times are general distributed because the serving times of 
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forming loads is assumed to be general distributed. The end of the serving time of forming 
loads is the arrival time of transportation of loads. 
The general serving time for transportation of loads is an assumption in the model. 

The Transportation time [ESJ is the average system time for transporting a load from the 
sheetfeeder to converter t (t=1,2, ... ,T). The loading and unloading of the trailer is part of the 
Transportation time. The Transportation time depends on the inter-arrival time of 
transportation loads, the serving time of transportation loads and both standard deviations. 

5.4.1. The inter-arrival time 

Table 5-3 shows the factors, which influence the inter-arrival time of transportation loads. 

T bl 5 3 F t . fl a e - . ac ors m uencmg e m er-arnva 1me o th . t . If ft rt f I d ranspo a 10n oa s. 

Factor Unit Definition Symbol 
Trailers in period X The number of trailers loaded in period X (for Trailers1 

example one year) for converter t 
Gross production hours The total number of operation hours over a GPcor 
hours corruqator period of time (for example one year). 
StDev formation min The standard deviation of a transportation O'form 

load in the formation area. 

The inter-arrival time of transportation loads for converter t depends on two factors: the 
number of trailers over period X for converter t and the gross production hours for the 
corrugator in period X. The Gross Production hours for the corrugator are used because 
transportation loads can arrive in the hours the corrugator is operational. In that time 
transportation loads can be formed in the formation area. 

A = GPCor * 60/ 
1 / Trailers 1 

(7) 

In order to compute the average waiting time for a transportation load the standard deviation 
of forming an average transportation load [crForm] is also necessary (see the formula in section 
5.4.3). 

5.4.2. The serving time 

The average serving time of a transportation load is estimated for every individual converter. 
The estimation for every converter depends on the distance between both plants. 

For calculating the average waiting time there is also a standard deviation necessary; the 
standard deviation of the serving time for a transportation load [crJ must be calculated out of 
a real sample of times or estimated by experts if there isn't a real sample of serving times 
available. 

5.4.3. The output of the Transportation time 

The system time through the transportation step [ESJ and the average number of square 
meters waiting for free capacity for the trailers [EQJ are the output of the calculations of the 
transportation step. The average number of square meters waiting for free capacity for the 
trailers is necessary for calculating the amount of loading docks at the sheetfeeder. The 
calculations are: 

• ES, = EB1 + E~ = p, + ( { 1 * P, )J * (c~orm + C1

2
) (t=1,2, ... ,T) (8) 

2( 1- p, 

Where p, stands for the capacity utilisation of the loading dock to converter t. 
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c1
2 stands for the squared variation coefficient of the serving time of the 

transportation of a trailer to converter t. 

c,' -(;J (t:1,2, ... ,T) (9, 10) 

• (t=1,2, ... ,T) (11) 

5.5. The new Network time 

The new Network time [ TNetwork ] is the average time for a customer order through the 

network. The network consists out of the corrugator, forming loads, transportation of the 
loads, converting and the MSA production step. Compare to the integrated network the extra 
steps described in previous sections are added between the corrugator and converting step. 
The structure of the network stays the same only due to the extra steps in the network it is 
possible to add extra converters in the network. 

The first step is calculating the visit frequencies [near, 1tForm, n1 (t=1,2, ... ,T), 1t5 (s=1,2, .. ,S)] for 
every step in the network model. Followed by the two standardisations described in the 
previous chapter. After the standardisations it is possible to calculate the new Network time 
for units of 110.000 m2

• Figure 5-3 gives an overview of a new network structure. 
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Figure 5-3. The new network model with their visit frequencies. The network contains one sheetfeeder, 
three trailers units and two converters. 
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5.5.1. The visit frequencies and standardisations 

The visit frequencies are calculated exactly the same as in chapter 4 (page 28). All visit 
frequencies are based on the demand in square meters in period X. Table 5-4 shows the 
formulas for the network. If there are multiple trailers and/or multiple converters then for 
every trailer and converter different visit frequencies have to be calculated . 

a e e v1s1 requenc1es or a ne or pa s. T bl 5-4 Th . ·tt · t lltwkrt 

Network part Visit The visit Standardisation 
frequency frequency 

calculation 
Corrugator 7tcor = 1+13 = (1 +13)/(1 +13) = 1 
Forming loads 7tForm = 1 = 1/(1+13) 
Transportation 1tI (t=1,2, .. ,T) / 'I 's½' ,t;{v, ,~D, t,n, = = (1 + p) 

(s=1,2, .. ,S) and (s=1,2, .. ,S) and U=1,2, .. ,U) 
U=1,2, .. ,U) 

Individual 

= [/tn,] = [/tn, }((t,n, /t,n, )/1 + p)J 
converting 1ts(s=1,2, .. ,S) 
machine 

(s=1,2, .. ,S) (s=1,2, .. ,S) and (i=1,2, .. ,U) 
MSA I:1ts 's½' 's;(, (s=1,2, .. ,S) 

,~D, t,n, LDs 
(1 + p) = = s=I 

' t,n, 
(s=1,2, .. ,S) and (s=1,2, .. ,S) and U=1,2, .. ,U) 
0=1,2, .. ,U) 

The standardisations of the serving times (gross production hours and per units of 10.000 
m2

) are exactly the same for the two extra steps as described in chapter 4 (pages 28 & 29). 

5.5.2. The output of the new Network time 

The calculations of the new Network time are also exactly the same as for an integrated 
production model. The Mean Value Analysis algorithm is used for the sheetfeeder production 
network as well. The description of the MVA algorithm is given in Appendix C. 

The output after the MVA algorithm is for every K (K = 1,2, .. . ) a Network time with the 
formula : 

K 
TNetwork (K) = ESNetwork (K) = --

J Network 
Where o Network stands for the throughput per time unit through the network. 

(12) 

The throughput per time unit through the network can be calculated by summarising all the 
"end" throughputs per time unit multiplied by their standardised visit frequencies. Given the 
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network in Figure 5-3 the 8Network is a summation over the "end" throughputs per time unit 
(both 8MsA and the 8rrailer 3 ) all multiplied by their standardised visit frequency. 

The next step, determining the right network system time, is the same as in the integrated 
production model. The last step (final correction for the right queuing model) is also the same 
for the sheetfeeder production model. 

5.6. The results for the sheetfeeder production concept 

The main results of the sheetfeeder production model are the Throughput time and the 
number of waiting forming orders, waiting loads for transportation and the waiting converting 
orders for the different converters. 

• T (j) = TP/an (j) + TNetwork U=1,2, .. ,U) 

Where T(j) stands for the average Throughput time for a customer order of specification j. 

TPlan (j) stands for the average Planning time for a customer order of specification j. 

TNetwork stands for the average Network time for a customer order. 

• S Form = EQForm * 10.000 

Where S Form stands for the average stock position in the formation area at the 

sheetfeeder. 
EQ stands for the average volume in m2 waiting for free bottleneck capacity at 

the sheetfeeder. 

T 

• ST,ans = LEQ1 *10.000 {t=1,2, ... ,T) 
t=I 

Where s Trans stands for the average stock position at the docks at the sheetfeeder. 

EQ
1 

stands for the average volume in m2 waiting for free trailer capacity at the 

sheetfeeder for converter t. 

s 
■ Sconv = LEQS *10.000 for each converter (s=1,2, .. ,S) 

s=I 

Where Sconv stands for the average stock position in the buffer field. 

EQs stands for the average volume in m2 waiting for free converting capacity in front 

of converting machines. 

5.6.1. An example of a sheetfeeder network; Kappa RapidCorr Eindhoven, Kappa Van 
Dam & Kappa Hermes 

The sheetfeeder production model is filled in with data from three factories: Kappa RapidCorr 
Eindhoven (the sheetfeeder), Kappa Hermes (converter) and Kappa Van Dam (converter in 
2004 ). The results are given in this section and are also shown in Appendix E. 
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■ T(j) = 62,4 hours 

■ S Form = 95.354 m2 

■ S T,ans = 28.744 m2 

■ S conv (VanDam) = 172.541 m2 

■ S conv (Hermes)= 7.011 m2 

5.6.2. Validation of the results 

The validations of the results are difficult to obtain, because the network is planned for the 
future. Kappa RapidCorr Eindhoven and Kappa Hermes are operational at the moment as 
sheetfeeder and converter. However, the network is not complete because Kappa Van Dam 
has to become a converter at the end of 2004 and the planned volume for the "free market" 
for Kappa RapidCorr Eindhoven is not in production yet. The result is that the calculations 
are made by a designed volume of 180 million m2 for the sheetfeeder, which is not the 
volume Kappa RapidCorr Eindhoven is producing at the moment. In other words real time 
samples are not available to make appropriate calculations and the assumptions made in 
section 5.2 and 5.3 are necessary to complete the sheetfeeder production model. 

The only possible validation of the Throughput time is a qualitative validation. The same 
argumentation is used as for the integrated production model. By summarising all necessary 
time elements for ordering sheets at the sheetfeeder and all production time elements for all 
steps in the Throughput time, the total Throughput time is estimated at 60 hours by the same 
experts as in chapter 4. The estimation is almost the same as the calculation of the queuing 
model. The estimated 60 hours can be divided into planning times, production times and 
transportation times. 

The only possible validation for the average stock values is a qualitative validation for the 
average stock value at Kappa Van Dam. Both experts made the estimation that the average 
stock value will be more than one shift. The reason is that the sheetfeeder will transport the 
necessary converting orders one shift earlier. So there is on average one shift converting 
stock but there is also stock due to unreliable converting machines. Their estimation is 
between 10 and 12 hours of stock in the buffer field . If we take the average converting 
production per hour (15.625 m2

) the average stock level is estimated between: 
10 * 15.625 = 156.250 m2 and 12 * 15.625 = 187.500 m2

. 
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6. Comparison of both production concepts 

6. 1. Introduction 

Phase 5 of the research approach is comparing the results of both production models with 
each other. (Of course it is also possible to compare two or more integrated factories with 
each other). Phase 5 is the subject of chapter 6. The Throughput time and the overall sheet 
stock in the chain for both concepts can be compared. The results from the examples given 
in chapter 4 (integrated factory Kappa Van Dam) and 5 (sheetfeeder network) are compared 
with each other and the graphs are generated from these calculations. Section 6.2 gives the 
comparison of the Throughput time and explains the causes of the difference, section 6.3 
gives the graph of the overall sheet stock level in the chain. For each Opco an extra analysis 
is performed for possible extra investments necessary for stocking the corrugated sheets. 
Section 6.4 gives a short comparison between Kappa Van Dam and Kappa Hermes. 

6.2. The Throughput time 

Figure 6-1 shows the results of the calculations of the Throughput time. The first five 
calculations are for the sheetfeeder network and the last two are for the integrated factories 
Kappa Van Dam and Kappa Hermes. 
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Figure 6-1. The Throughput time for the sheetfeeder and integrated production concept. 
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The five calculations for the sheetfeeder production model are done, because the different 
Opco's have different visions on the sheetfeeder production model. Kappa RapidCorr (the 
sheetfeeder) has a clear push strategy in mind where the corrugator is the driver of the whole 
network. The supply of sheets accuracy is within a day and the extra transportation handling 
has to be performed as efficient as possible. The corrugator as the driver means that the 
trimm-waste minimisation has priority. This results in the supply of sheets within a day, but 
an exact hour on the day can not be guaranteed (depends on the cutting list). 

Kappa Van Dam (converter) has a clear pull strategy in mind where the converter is the 
driver of the whole network. The supply of sheets accuracy is within an hour and the delivery 
sequence is more important than an optimal transport. Both visions can be modelled with the 
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use of different variation coefficients (1, 0.75, 0.50, 0.25 and 0) in the calculations given in 
chapter 4 & 5. Following the vision of Kappa Van Dam the variation coefficient will be nihil 
(zero). The reason is that Van Dam wants accuracy within the hour and that means the 
standard deviation will be almost zero (there is no deviation allowed). On the other hand if we 
follow the vision of Kappa RapidCorr the variation coefficient will be one. The reason is that 
the standard deviation is as big as the average value. The supply of sheets is within the day, 
but every point in time on that day can be picked to deliver the sheets. 

6.2.1. The causes of the difference 

The sheetfeeder production concept has a longer Throughput time through the chain than 
an integrated factory. There are four causes for the longer Throughput time: 

1. Longer Corrugator time 
The corrugator produces faster but must produce more volume. For example the 
integrated factory Kappa Van Dam produces on average 10.000 m2 in 180 minutes. The 
sheetfeeder Kappa Rapid Corr Eindhoven has to produce 30.000 m2 to deliver 10.000 m2 

to Kappa Van Dam (the other 20.000 m2 goes to other customers on average). Kappa 
RapidCorr Eindhoven produces on average 30.000 m2 in 3 * 88 = 264 minutes. 

2. Longer Converting time 
The converting part has also a longer system time that is caused by an increase in the 
sheet stock at Kappa Van Dam (see next section), which results in a longer waiting time. 

3. Extra Forming time 
The extra forming steps causes also a longer Throughput time, because this is an extra 
time element in the chain. 

4. Extra Transportation time 
Same argumentation as for the Forming time is applicable here. 

6.3. The sheet stocks in the chain 

■ Average sheet stock level in the docks at RapidCorr Eindhoven 
!!!I Average sheet stock level in the formation area at RapidCorr Eindhoven 
11 Average sheet stock level at Hermes 
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Figure 6-2. Average sheet stocks in the chain for the sheetfeeder network and the integrated factories. 
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Figure 6-2 shows the sheet stocks at different points in the chain only caused by the Kappa 
factories and not by the "free market". There are four stock points compared to two stock 
points in the situation Kappa Van Dam and Kappa Hermes are integrated factories. The two 
extra stocking points are necessary for the two extra steps in the network; forming the loads 
and transportation of the loads. Again both visions are shown for the sheetfeeder concept in 
the figure, because the strategy used has an impact on the overall sheet stock in the chain. 
The only time the overall sheet stock is lower than in the integrated factories is when the 
vision of Van Dam is used in the network. All other used variation coefficients lead to an 
increase in the overall sheet stock in the chain. 

The sheet stock at Kappa Van Dam increases in the RapidCorr vision to an average of 
172.000 m2

• The sheet stock can be roughly divided into two groups; the stock due to the 
unreliable machines in the chain and the stock due to the unreliable supply of sheets. The 
last group of stock causes the difference in stock levels by the different visions used in the 
network. 

6.3.1. Extra investments at Kappa RapidCorr Eindhoven 

Extra analyses are performed to check if the existing formation area and number of loading 
docks are big enough to store the produced corrugated sheets or formed loads. 

The formation area analysis is performed because the converters are working according to a 
two-shift system while Kappa RapidCorr Eindhoven works in a three-shift system. In other 
words during the night there is production at the corrugator but no production at the 
converters. The produced sheets have to be stored for the night at the sheetfeeder or (if 
there is transportation possible in the night) at the converter site. Figure 6-3 shows the 
average sheet stock level at the formation area at the sheetfeeder for 24 hours. The 
assumption is made that half of the production at night is transported to Kappa Van Dam. 
The maximum stock level is explained later in this section. 
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Figure 6-3. The average sheet stock level at the formation area at the sheetfeeder in 24 hours production. 
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The sheet stock is at its highest point at the beginning of the morning shift (06:00). At this 
point in time there is on average more than 160.000 m2 of sheet stock stored in the formation 
area. The average sheet stock has to be stored on automatic conveyer systems. The 
capacity of these automatic conveyer systems varies for different specifications in 
production. For example if the night production only consists out of B-flute (3 millimetre) the 
formation area must have at least for 600 m2 of automatic buffer field to stock the 160.000 
m2

• If the night production only consists out of B/C-flute (7 millimetre) the formation area must 
be much bigger even up to almost 1500 m2 of automatic conveyer system to stock the 
160.000 m2

• The reason is that per square meter of automatic conveyer system less square 
meters of corrugated sheets can be stacked. The B/C sheets are thicker so fewer sheets are 
on a stack of sheets (so less m2 are on a stack of sheets). Figure 6-4 gives some examples 
of how much automatic conveyer system is needed in the formation area at the sheetfeeder. 
The red squares are the net need of automatic conveyer system, but because the capacity 
utilisation of conveyer systems is assumed to be 60 % the gross need of automatic conveyer 
system is bigger. So more square meters of conveyer systems are necessary to stack the 
corrugated sheets. The dashed black line is the number of automatic conveyer systems, 
which are already available at the plant (± 1.000 m2
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Figure 6-4. The need for automatic conveyer system by different type of flute production in the night. 

The weighted average is when the production in the night is exactly as the overall distribution 
of flutes in period X. Because there is assumed that Kappa Van Dam is supplied in the night 
it is reasonable to assume a lot of B/C-flute can be produced in the night (XXL & heavy). The 
forming orders for other customers with B/C specification are also produced in the night for 
trimm-waste minimisation and must be stored in the night at the formation area for delivery 
next morning. So it is possible that in the night 50 to 75 % of the production is B/C-flute 
specifications and for all other customers it has to be stored on automatic conveyer systems. 
So for Kappa RapidCorr Eindhoven it is wise to invest in more automatic conveyer systems. 

The maximum capacity given in Figure 6-3 is the number of square meters that can be 
stored if the formation area is sized as necessary for producing 75% B/C-flute in the night; 
more than 1.300 m2

• Because of the size of the formation area it is now also possible to 
produce more square meters in the night (for example no breakdown on the machine) but 
than the production must have the overall distribution of specifications in period X (the 
weighted average flute distribution). 
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The transportation load analysis is performed to check if the existing space for loads is big 
enough to store all formed loads during the day, but also during the night. The average stock 
level at the dock for Kappa Van Dam is 10.764 m2

• In other words one load is formed (an 
average load contains 7200 m2

) and 'the loaders are busy with the second load for 
transportation. For Kappa Hermes the average stock level at the dock is 5. 724 m2

; so the 
loaders are busy to form the first load. So overall there are on average three loads waiting at 
the cargomatic docks. At the moment there is space for four loads at the two cargomatic 
docks at the sheetfeeder for Kappa Hermes and Kappa Van Dam. In the night or if two trucks 
are for example at the same time delayed by the traffic, four loads are formed quickly and 
blocks more load forming. 

All summarised I think it is wise for Kappa RapidCorr Eindhoven to invest in at least one 
more dock where two more loads can be waiting for transportation. On the other hand by 
building a third dock Kappa RapidCorr Eindhoven is able to load three trailers at the same 
time, which can be interesting for the morning shift. 

6.3.2. Extra investment at Kappa Van Dam 

The same analysis as for Kappa RapidCorr Eindhoven is performed for Kappa Van Dam. 
Figure 6-5 shows the average sheet stock levels and two times their standard deviations for 
the different visions of the sheetfeeder concept and for the integrated factory. The standard 
deviation is calculated out of real sample data (see Appendix F for an example of the 
calculation). 
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Figure 6-5. The average stock level with two times its standard deviation for Kappa Van Dam. 

The sheet stock at the site of Kappa Van Dam is on average 170.000 m2 in the RapidCorr 
vision. In practise the sheet stock level can be lower or higher than the average value. If we 
assume we want to be sure that the buffer field is big enough in 95% of the cases, the buffer 
field must be capable of storing over 250.000 m2 (the average plus two times the standard 
deviation). 

In theory the automatic conveyer system can have a capacity utilisation of 100%, which 
means that one m2 of conveyer can store one stack of X m2 of corrugated sheets. By 100% 
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capacity utilisation the size of the buffer field for storing 250.000 m2 must be almost 900 m2 

(the most left red square in Figure 6-6). However, the capacity utilisation in practise is around 
60% because there are always empty spaces on the conveyer systems due to for example 
unfavourable sizes of the stacks of sheets. In short extra m2 of automatic conveyer systems 
are needed to stock the 250.000 m2 of corrugated sheets than the 900 m2 mentioned earlier. 
The buffer field must be sized over 1 .400 m2 to store the 250.000 m2 by a capacity utilisation 
of 60%. At the moment the stock capacity is 1.000 m2 so investments are necessary at 
Kappa Van Dam if the RapidCorr vision is leading in the chain. 
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Figure 6-6. The gross need for automatic conveyer system by different visions for Kappa Van Dam. 

6.3.3. No extra investments at Kappa Hermes 
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Figure 6-7. The average sheet stock level for Kappa Hermes. 
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Figure 6-7 gives the average sheet stock level for Kappa Hermes. The outcome is that there 
is no extra investment necessary for Kappa Hermes, the average stock level in the 
sheetfeeder production concept is much lower than for the integrated factory. The reason is 
that the integrated Kappa Hermes was producing 10 hours on the corrugator. The converting 
was working 16 hours a day. In other words sheets were accumulated during the day for 
converting in the evening. The buffer field at Kappa Hermes is big enough to accumulate the 
sheets in the past. In the sheetfeeder production concept Kappa Hermes is supplied 16 
hours a day so there is no accumulation necessary. 

6.4. A comparison between the integrated factories 

In this section we compare the two integrated factories Kappa Van Dam and Kappa Hermes 
with each other. If we summarise some facts for both converters we can see that there is a 
clear difference between integrated factories. Table 6-1 summarises facts for Kappa Van 
Dam and Kappa Hermes and the results from the integrated production model. 

Table 6-1. Facts for Kappa Van Dam and Kappa Hermes. 

Kappa Van Dam Kappa Hermes 

■ 55 - 60 million m2 
■ 25 - 30 million m2 

■ XXL & heavy ■ conventional 
■ No over-capacity ■ Over-capacity 
■ Buffer size 1 /3 day of production ■ Buffer size 1 day of production 
■ No exchangeability machines ■ Exchangeability machines 
■ 20 km from Eindhoven ■ 100 km from Eindhoven 

■ Throughput time: 31 hours ■ Throughput time: 14 hours 
■ Average sheet stock: 107.833 m2 ■ Average sheet stock: 45.000 m2 

Kappa Hermes has a shorter Throughput time and a lower average stock level in the factory. 
The cause of these differences is the machinery of Kappa Hermes. Three identical machines 
simplify the logistics and the over-capacity on the machines has also a positive effect on the 
shorter Throughput time and the lower average sheet stock level. 
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7. Cost and Benefit analysis 

7. 1. Introduction 

This chapter describes a cost/benefit analysis for the new sheetfeeder production concept. 
The analysis is performed to get an idea of the financial consequences of the sheetfeeder 
production concept. The expectation is that the new sheetfeeder/converter cost price is lower 
(or at least the same) than the integrated factory cost price. There are indeed extra costs for 
the transportation handling, but these extra costs have to be compensated by the 
advantages of the sheetfeeder production concept. One of the advantages is less paper use 
due to lower trimm-waste or another one is an improved converting efficiency due to better 
sheet quality. 

The chapter is divided into a section for the converter analyses, a section that describes the 
sheetfeeder analysis and the last section summarises the chapter. 

7.2. The converters 

7.2.1. Kappa Hermes 

The analysis for Kappa Hermes is done on the real cost differences between the integrated 
factory Kappa Hermes over the period January till May 2002 and the converter Kappa 
Hermes over the period January till May 2003. 

The base of the analysis is the difference in Spanne for 1.000 m2
• The Spanne is Total 

(Sales valueNolume sold) minus (Raw materialNolume sold). In other words the Spanne is 
the created added value to the raw material. The raw material for an integrated factory (and a 
sheetfeeder) is the paper. The raw material for a converter is the corrugated sheet. The 
"converter'' Spanne is smaller than the "integrated" Spanne, which is logical because an 
integrated factory adds more value to its raw material than a converter. 

The "integrated" Hermes The "converter" Hermes 

---------------------- ---------------------
EB/TOA EB/TOA 
Corrugator personnel Converting personnel Spanne 

Spanne 
Maintenance corrugator Maintenance converters 
Converting personnel ... 
Maintenance converters -----------------------
.. . Sheets 

---------------------- ... 
Raw 

Raw 
Paper 

material 
material 

Glue 
... 

Figure 7-1. The costs part of the Raw material and Spanne for an integrated factory and a converter. 

Figure 7-1 shows the raw materials costs and the costs part of the Spanne for the integrated 
factory Kappa Hermes and the converter Kappa Hermes. Some costs for the integrated 
factory are taken over by the sheetfeeder. The sheetfeeder will calculate these costs to the 
converter in the cost price for a sheet. In other words the cost price of a sheet consists out of 
paper costs, personnel and maintenance costs for the corrugator, but also costs for the extra 
transportation handling to the converter. 
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An important figure for each factory is the EBITDA, Earnings before Interest, Taxes, 
Depreciation and Amphorfisation. The EBITDA (or Gross Profit) can be calculated by 
subtracting all costs (except interest, taxes, depreciation and amphorisation) from the 
Spanne. The outcome of the analysis is the difference between the "integrated" EBITDA and 
the "converter" EBITDA. The result is that the "converter" EBITDA is €17 per 1.000 m2 lower 
than the "integrated" EBITDA for Kappa Hermes. In other words Kappa Hermes makes less 
EBITDA as a converter than organised as an integrated factory. This figure indicates that the 
cost price of a sheet is higher than own production of the sheet. 

7.2.2. Kappa Van Dam 

For Kappa Van Dam the analysis is performed in another way because there are no figures 
available for the converter Kappa Van Dam (Kappa Van Dam becomes a converter in 2004 ). 
The difference in the "integrated" EBITDA and the "converter'' EBITDA is the difference in the 
cost price calculations of Kappa Van Dam and Kappa RapidCorr. The difference between 
these calculations (the "Gap") is the extra loss of EBITDA for Kappa Van Dam as a 
converter. The used data is from the Gap calculation of 2001 and the Gap was at that time 
almost €1 million. At the moment the Gap is recalculated, because several adjustments are 
necessary in the calculations of 2001. 

If we use the Gap from 2001, the EBITDA will decrease with: 
(€1 million/60 million m2

) * 1.000 ~ €17 per 1.000 m2
. In other words Kappa Van Dam makes 

less EBITDA as a converter than organised as an integrated factory. This figure indicates 
that the cost price of a sheet is higher than own production of the sheet. 

7.2.3. Differences between Kappa Van Dam and Kappa Hermes 

The decrease in EBITDA for both converters (or the difference between make or buy) is not 
the same for both converters. The decrease has two major factors: the savings due to 
outsourcing the sheet production (1) and the extra transportation costs to the converter (2). 

1. Kappa Van Dam and Kappa Hermes have approximately the same savings due to 
outsourcing the sheet production*. For example less personnel costs, no paper reel stock 
costs, no costs for maintenance on the corrugator, less insurance costs, etc. The savings 
per 1.000 m2 are less for Kappa Van Dam, because the savings are approximately the 
same but the volume produced in a year is twice as big. 

2. If we assume that a trailer to Kappa Van Dam and a trailer to Kappa Hermes have an 
equal capacity utilisation then Kappa Van Dam will have lower transportation costs per 
1.000 m2

, because the distance to the sheetfeeder Kappa RapidCorr Eindhoven is much 
smaller. 

In other words the decision to transform an integrated plant into a converter depends on the 
savings due to outsourcing and the transportation costs per 1.000 m2

• Two parameters are 
very important for that decision: 
• the volume produced per year and 
• the distance to the sheetfeeder. 

Figure 7-2 shows a graph where the distance and volume are set out against the difference 
in EBITDA. The data from both converters are used and this data is extrapolated to create 
the other combinations of volume and distance. The result is that just a few combinations of 
volume and distance are generating more EBITDA per 1.000 m2

• Kappa Hermes (volume 25 
million m2 at a distance of 100 km) and Kappa Van Dam (volume of 60 million m2 at a 
distance of 20 km) are visualised in the graph. 

* Probably the savings are higher for Kappa Van Dam, because more personnel were working for the 
corrugator. However, the assumption is that the savings are not proportional to the volume. 
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Figure 7-2 The difference in EBITDA by different combinations in volume and distance. 

Figure 7-2 is one example of a graph where different combinations of volume and distance 
create a difference in EBITDA. If for example the sheetfeeder is able to reduce their cost 
price of 1.000 m2 of sheets by €10 (due to less paper costs or less transportation costs) or 
the savings due to purchasing the sheets at a third party are assumed to be 30 % higher, the 
result of the graph will be totally different. More combinations will generate a positive flow of 
EBITDA. Appendix G gives the graphs of the two examples. 

7.3. The sheetfeeder Kappa RapidCorr Eindhoven 

The analysis for the sheetfeeder Kappa RapidCorr Eindhoven has the same obstacle as for 
the analysis for Kappa Van Dam: there is no real data available yet. The data used is also 
descended from the Gap calculation of 2001. The EBITDA Kappa RapidCorr Eindhoven will 
realise by a volume of 180 million m2 is €3.578.000, which is almost €20 per 1.000 m2

• 

Further analysis is done on the distribution of EBITDA between Kappa converters (Kappa 
Van Dam & Kappa Hermes) and "free market" converters. The outcome is that Kappa 
RapidCorr Eindhoven sells the corrugated sheets to Kappa converters for the cost price. In 
other words Kappa RapidCorr Eindhoven makes no EBITDA from Kappa converters and €40 
EBITDA from "free market" converters. The calculations are: 

• Kappa converter: € 0 EBITDA * 90 million m2 = € 0 EBITDA 
■ "Free market" converters: €40 EBITDA * 90 million m2 = €3.600.000 EBITDA 

Total €3.600.000 EBITDA 
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7.4. Conclusion cost/benefit analysis 

If we summarise the results from previous sections we are able to conclude that there is a 
positive financial result for the sheetfeeder production concept with Kappa RapidCorr 
Eindhoven as the sheetfeeder, Kappa Van Dam and Kappa Hermes as the converters. 

EBITDA sheetfeeder per 1.000 m2 is set at €20 
EBITDA converters decreases per 1.000 m2 with - € 17 

Positive difference € 3 

The EBITDA for the sheetfeeder is based on a volume of 180 million m2 per year and is 
generated by the "free market" converters. So for Kappa RapidCorr Eindhoven it is most 
interesting to sell the total volume of 180 million m2 to the "free market" converters, because 
that generates the most EBITDA. The problem is that Kappa RapidCorr Eindhoven is not 
able to fill the plant with 180 million m2 for the "free market" converters. The extra volume of 
Kappa Van Dam and Kappa Hermes is necessary to fill the plant with enough production 
volume. 

Moreover, there are several other financial factors in favour of Kappa Packaging to decide for 
the sheetfeeder production concept. In the summation some factors are mentioned: 
• the overall investment level is decreased (from 3 to 1 corrugator). 
• competitors are discouraged to enter the sheet market (see chapter 2). 
• converting volume integrated RapidCorr Eindhoven is divided over other Kappa plants. 
• Performance Packaging is possible (see also chapter 2). 
• the actual break-even-point of Kappa RapidCorr Eindhoven is lower than expected. 

Due to the extra volume from Kappa Hermes & Kappa Van Dam it is possible for 
Kappa RapidCorr Eindhoven to use their total capacity of the machine. The sales to 
the free market and the other financial factors make the losses of EBITDA for Kappa 
Hermes & Kappa Van Dam more than good. 
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8. Conclusions 

8. 1. Introduction 

Chapter 8 describes phase 7 of the research approach; the conclusions and 
recommendations. The chapter is divided into several sections. The first section contains the 
conclusions about the three main requirements of the local accounts. Section 8.3 gives the 
three most important factors, which influence the logistic and financial performance of the 
used production concept (research objective 2). Section 8.4 gives the conclusion for the total 
investment with Kappa RapidCorr Eindhoven as the sheetfeeder and Kappa Van Dam and 
Kappa Hermes as the converters. 

8.2. Conclusions research objective 1 

The main research objective (as stated in chapter 2) is: 
Investigate if the sheetfeeder production concept is able to fulfil the requirements of the local 
accounts in a better way than the integrated production concept. The three main 
requirements are noted as a high speed of delivery (quick Lead-time), high flexibility and a 
high reliability. All three requirements are discussed in the subsections. 

8.2.1. Lead-time 

The quantitative model calculates the Throughput time through the chain. The Throughput 
time is just a part of the total Lead-time, but indicates what the planning and production 
process are on average really capable of. Due to the structure of the research project it is 
only possible to draw a conclusion about the Throughput time. 

Chapter 6 shows that the Throughput time increases for Kappa Van Dam in the sheetfeeder 
production concept and gives also the causes of the difference. The Throughput time was 
calculated at 62 hours for the sheetfeeder production concept compared to the 31 hours for 
the integrated production concept. 
A longer Throughput time has a negative impact on for example rush orders and production 
mistakes in the converting (see 4.2 page 19) This disadvantage of the sheetfeeder 
production concept can effect customer satisfaction. 

The sheetfeeder production concept has a longer Throughput time than the integrated 
production concept. 

8.2.2. Flexibility 

If we use the definition of Upton: "flexibility can be described by the organisation 's ability to 
meet an increasing variety of customer expectations without excessive costs, time, 
organisational disruption or performance losses", we can conclude that the flexibility 
decreases in the sheetfeeder production concept compared to the integrated production 
concept. The argumentation consists out a qualitative and a quantitative answer. 

■ The qualitative answer: the sheetfeeder production concept has a longer decision chain. 

The integrated factory is able to respond directly to the customer's request. In the 
sheetfeeder production concept there are more factories involved before a response to 
the customer is possible. In other words there is an increase in time to respond on 
customer requirements. (See Figure 5-2 on page 33). 

■ The quantitative answer: the planning phase starts earlier in time. 
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If the customer order is changed in the Throughput time (the customer order is "frozen" 
see 1.6), it affects the organisation (disruption) and the customer order has excessive 
extra costs especially in the sheetfeeder production concept. In the sheetfeeder 
production concept with the RapidCorr vision the planning phase has to start 31 hours 
earlier than the integrated planning phase (see Figure 6-1 on page 41) in order to be able 
to deliver the end product in time. In other words there is more time available to change 
the customer order without disrupting and without excessive extra costs in the integrated 
production concept. 

The flexibility in the sheetfeeder production concept is lower than the flexibility in the 
integrated production concept. 

8.2.3. Reliability 

Reliability can be described as the difference between planned production in time and actual 
production in time. If the real production is exactly the same as the planned production, the 
factory is extremely reliable. If we use this definition it is not possible to make a quantitative 
statement about the reliability by using the quantitative production models. 

In the sheetfeeder production concept there are more links in the supply chain (extra steps 
for forming load and transportation load). The reliability of the total chain can be calculated 
by multiplying all reliabilities of each link with each other. The reliability of the corrugator step 
and the converting step in the sheetfeeder production concept will increase compared to the 
reliability in the integrated production concept. The reliability of the corrugator step will 
increase, because the machine is newer and makes sheets of a better quality (so fewer 
breakdowns and fewer remakes of production runs). The converting reliability will increase 
due to the better quality of sheets. Quality of the sheets determines the speed of the 
converting activity. The reliability of the extra steps are not (yet) known. So it is not possible 
to make a statement for the reliability. 

The reliability in the sheetfeeder production concept compared to the integrated 
production concept depends on the reliability of the forming of loads and 
transportation of the loads. It is not possible to make statements for the reliability by 
using the quantitative production models. 

8.3. Conclusions research objective 2 

Next to the conclusions for the three requirements for local accounts there are three 
important factors which influence the logistic and financial performance of the used 
production concept. The three factors are the machinery at the converter, the production 
volume of the converter and the distance to the sheetfeeder. 

8.3. 1. The machinery at the converter 

In chapter 6 we compared the integrated factories with each other, but we also compared the 
different production concepts. With the results we are able to draw the conclusion that the 
machinery at the converter has a very important impact on the logistics of the factory. 
Exchangeability of converting machines has a positive impact on the performance of an 
integrated factory, but it simplifies also the logistics in the sheetfeeder production concept. 

Exchangeable machinery simplifies the decision to reorganise the integrated 
production concept into the sheetfeeder production concept. 
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8.3.2. The production volume of the converter 

The production volume of the converter is the second important factor. Figure 7-2 on page 50 
shows that integrated factories with low production volumes generate a positive flow of 
EBITBA, because the savings due to outsourcing the sheet production are relatively high per 
1.000 m2

• 

Lower production volumes simplify the decision to reorganise the integrated 
production concept into the sheetfeeder production concept. 

8.3.3. The distance to the sheetfeeder 

The third important factor is the distance to the sheetfeeder. The distance influences directly 
the serving time for the transportation to converter t (see section 5.4.2. page 36) and so the 
Throughput time of a customer order. But the distance influences also the difference in 
EBITDA for the converter. Figure 7-2 on page 50 shows that converters located on a short 
distance to the sheetfeeder generate a positive flow of EBITDA. 

Shorter distances simplify the decision to reorganise the integrated production 
concept into the sheetfeeder production concept. 

8.4. The total investment 

The subject of chapter 7 was the cost/benefit analysis for the sheetfeeder Kappa RapidCorr 
Eindhoven and the converters Kappa Van Dam and Kappa Hermes. If we summarise the 
results from chapter 7 we can conclude that there is a positive financial result for the 
sheetfeeder production concept. 

However, extra investments are necessary for Kappa RapidCorr Eindhoven and Kappa Van 
Dam. The second outcome of the computations shows us the average sheet stock levels in 
the chain. This information is useful for the analysis to decide if extra investments in 
automatic conveyer systems are necessary. Chapter 6 shows the analyses and the 
conclusion is that Kappa RapidCorr Eindhoven and Kappa Van Dam have to invest in more 
automatic conveyer systems to store the corrugated sheets. For Kappa RapidCorr 
Eindhoven it is also wise to invest in an extra transportation dock. 

The total investment with Kappa RapidCorr Eindhoven as the sheetfeeder and with 
Kappa Van Dam and Kappa Hermes as the converters is good for the financial 
performance of Kappa Packaging, but extra investments are necessary to make the 
concept workable for all involved Kappa organisations. 
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9. Recommendations and remarks 

9.1. Recommendations 

There are three important factors for future decisions for reorganising integrated factories 
into converters or buying existing converters from third parties. The three factors have a 
strong impact on the logistic and financial performance. My recommendation is that factories 
with exchangeable machinery, with a low production volume and with a short distance to the 
sheetfeeder are the best factories for a reorganisation into the sheetfeeder production 
concept. 

1. Machinery at the converter 
Exchangeability of converting machines has a positive effect on the Throughput time, 
flexibility and reliability. 

2. Production volume of the converter 
Factories with a low produced volume will be considered first for reorganisation, because 
these factories have a positive effect on the financial performance. 

3. Distance to the sheetfeeder 
Factories with a short distance to the sheetfeeder have a positive effect on the logistic 
and financial performance. Perhaps it is worth considering for future decisions if it is 
possible to build a new sheetfeeder next to its biggest Kappa converter. The advantage 
is that that converter can work more or less as an integrated factory, but has also the 
advantages of the sheetfeeder production concept. 

My other recommendations try to give indications for solutions to diminish the disadvantages 
of the sheetfeeder production concept (longer Throughput time and lower flexibility). These 
are indications and need more investigation if it really minimises the impact of the 
disadvantages. 

• Active customer relationship management can avoid customer order changes in a late 
stadium (or can avoid rush orders). 

• Hold small amounts of sheet stock for standard specifications to be able to supply a part 
of for example a rush order (or faults in a converting order) very fast, the other part can 
follow the normal sheetfeeder production steps. 

• Install identical converting machines to be able to exchange converting orders. For 
example it is perhaps possible for Kappa Van Dam to buy another Jumbo inliner, which 
will shorten the Lead-time and increases the flexibility. 

9.2. Remarks 

There are two remarks I want to make as well: 

1. In general the sheetfeeder production concept is in my opinion a suitable production 
concept to fulfil the requirements of the local accounts. The general remark I want to 
make is that there are some disadvantages as well, which must not be forgotten. The 
Throughput time increases (important for rush orders and converting faults), flexibility 
decreases (customer order changes), the reliability is still a question mark and the 
machinery at the different converters causes more attention than expected. 

2. The use of several paper reel widths for the production results in minimising the trimm
waste for the integrated factory Kappa Van Dam. I think it is wise to investigate if using 
several paper reel widths at Kappa RapidCorr Eindhoven will also result in minimising the 
trimm-waste. 
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Project evaluation 

On this page I want to make a short evaluation of my graduation project and I want to give a 
critical note at my research approach. First of all I'm content about the way the whole project 
worked out. Due to a tight time schedule in the last phase of the project it is completed within 
the 9 months. If we look closer to the time schedule then the first three months were needed 
for a detailed understanding of the complex sheetfeeder production concept. All involved 
companies were visited and all opinions about how the sheetfeeder concept works best have 
been heard. However, I think I should have made the decision to model the concepts with 
queuing theory in an earlier stage. The last six months were long enough to model the 
concepts and to get the results, but with more time I could have modelled the production 
concepts in more detail. For example I could have made a detailed analysis on the Stocking 
time and Transportation time to come even closer to the average Lead-time. Another 
example is modelling more integrated factories of Kappa Packaging to get more feeling 
about different organisations. 

The final results of the project are in my opinion useful for the Kappa Packaging organisation. 
The models are good decision tools for future decisions to reorganise or buy factories. The 
results were presented to several employees within Kappa Packaging. The presentation was 
for all employees the same, but the reactions in especially Kappa Van Dam and Kappa 
RapidCorr were totally different. It showed me that both opco's have a clear view about how 
the concept should work. Unfortunately the audience did not share or did not pick up the 
research conclusions and findings I presented them. Hopefully they will pick up the points I 
made after all by giving them my report, because I think the involved opco's should work 
closely together to diminish the disadvantages of the sheetfeeder production concept. 

Moreover I learnt that a good contact with all organisations and involved persons is very 
important in running a project. A critical note to myself is that I stayed to long on one site of 
the production concept (especially in the beginning of the project); namely the converter site. 
In the end it has not effected my conclusions and findings, but perhaps that then the 
presentations to the opco's were better received. 

Summarised the project gave me enough challenges to promote my skills as a starting 
engineer. I consider myself very lucky for the given change to do this particular project for 
Kappa Packaging. I enjoined the work I did and hopefully I can start my professional career 
at Kappa Packaging. 
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Definitions 

Average number of 
runs or converting 
(MSA) orders 
which are served 

Average number of 
waiting runs or orders 

Average running 
speed 

Average serving time 

Average system time 

Average total number 
of runs or orders 

Average waiting time 

Bottleneck capacity 

Capacity utilisation 

Combination factor 

Converting order 

Corrugator width 

Customer order 

EH 

EQ 

EB 

ES 

EX 

EW 

Bcap 

p 

ConvOj 

The average number of production runs, converting or 
MSA orders which are in production on c machines 
available. 

The average number of production runs, converting or 
MSA orders which are waiting for free capacity of the 
server. 
The average speed during running on the corrugator for 
specification j. 

The average time a production run, converting or MSA 
order is busy on the server; so running time plus set-up 
time. 

The average time a production run, converting or MSA 
order is part of the queuing system; waiting and busy on 
the server. 

The average number of production runs, converting or 
MSA orders which are part of the queuing system. 

The average time a production run, converting or MSA 
order is waiting for free capacity of the server. 

The bottleneck capacity is the server with the lowest 
capacity in the whole formation area noted down as 
forming orders per hour. 

The capacity utilisation is defined as the fraction time the 
server is really running or setting-up a production run, 
converting or MSA order. 

The average number of specification orders planned in a 
production run on the corrugator per specification. 

A converting order is a customer order for a specific 
converting machine ready for the converting phase. 

The average used width of the corrugator for specification 
j. 

A customer order is a request from a customer at a 
special point in time for a certain number of corrugated 
packaging material to be delivered on a agreed delivery 
day. 

Demand in period X D j The demand in m2 of specification j over a period of time 
(for example one year). 

Formation area F ormO The area where loads are formed for transportation to the 
converters at the sheetfeeder. 
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Forming order 

Forming time 

Gross Production 
hours in period X 

Inter-arrival time 

Lead-time 

MSA 

A forming order is one stack of corrugated sheets ready to 
be formed in a transportation load. 

ES Form The average system time for forming a transportation load 
to the converter. 

GP The total numbers of operation hours over a period of 
time for a machine (for example one year). 

J The average time between two successive specification 
orders, production runs, converting orders or MSA orders. 

~ The average time customer order i needs to pass all steps 
from order entry, planning, corrugator production (forming 
loads, transportation loads, receiving sheets), converting, 
MSA, stock and delivery to the customer. 

The Manufacturing §upport ~rea (MSA) is the last step in 
the production process where finished stacks of 
corrugated packaging material are palletised and 
strapped. 

MSA order MSA O j A MSA order is a customer order ready for palletising and 
strapping. 

Network time T Network 

Non-productive time X .. 

Planning time TP/an 

Production run 

Production runs 
specification j 
in period X 

Rush order 

Running time 

Serving time 

Runj 

p 
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The Network time is the average system time for a 
customer order through the network. 

The percentage of total hours that is not used for setting
up the converting machine or running the converting 
orders. 

The average time a specification order has to wait before 
its production run is complete. The complete production 
run is put in the queue in front of the corrugator waiting for 
free corrugator capacity. 

A production run contains one or multiple specification 
orders of the same specification from possibly different 
customers to create an efficient production process on the 
corrugator. 

The total number of production runs in specification j over 
a period of time (for example one year). 

A customer order, which has a shorter agreed Lead-time 
than the average Throughput time. 

The average time a production run needs for running the 
product on the corrugator. 

The average time a specification order, production run, 
converting order or MSA order needs for setting-up and 
running in that particular phase of the Throughput time. 
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Set-up time 

Spanne 

Specification order 

Standard deviation 

Stocking time 

Throughput per 
time unit 

Throughput time 

Transportation time 

Waste percentage 

S c ar 

SpecOj 

CY 

The average time a production run needs for setting up 
the corrugator before running the product is possible. 

Total Sales valueNolume sold minus Raw 
materialNolume sold . 

A specification order is a customer order with a specific 
specification ready for the planning phase. 

The standard deviation of the inter-arrival time or serving 
time for all phases individually. 

The average time a customer order is waiting for delivery 
to the customer in the finished goods warehouse .. 

8 The throughput per time unit is the average number of 
customer orders the system can handle in a time unit. 

I'; The average time a customer order i needs to pass the 
planning step, corrugator production (forming loads, 
transportation loads, receiving sheets), converting and the 
palletising and strapping step in the MSA. In other words 
all steps necessary for planning and physical production 
of the corrugated packaging material. 

ES Trans The average system time for transporting a load from the 
sheetfeeder to the converter. The Transportation time 
includes also the loading (unloading) time of the load into 
(out of) the trailer. 

/3 The waste factor determines the difference between gross 
and net production. Gross production volume contains 
also trimm-waste, waste due to quality problems and 
change-over waste. 
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Appendices 

Appendix A 
Appendix B1 
Appendix B2 
Appendix B3 
Appendix C 
Appendix D 
Appendix E 

Appendix F 
Appendix G 

J 

An example of the planning of a production run on the corrugator. 
Goodness-of-fit test inter-arrival times specification orders. 
Goodness-of-fit test serving times corrugator. 
Goodness-of-fit test serving times converting machines. 
The Mean Value Analysis Algorithm. 
The results for Kappa Van Dam. 
The results for Kappa RapidCorr Eindhoven, Kappa Van Dam and Kappa 
Hermes. 
Standard deviation calculation for Kappa Van Dam. 
Two more examples of distance & volume versus EBITDA 
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Appendix A. An example of the planning of a production run on the corrugator. 

2,45 m 
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Appendix B1. Goodness-of-fit test inter-arrival times specification orders 

The distribution of the inter-arrival times for specification orders at the planning are tested 
with the aid of the Goodness-of-fit test statistic. The test procedure consists out of eleven 
steps: 

1. The test is performed to test the distribution of the inter-arrival times for specification 
orders 

2. H(0) = the inter-arrival times are exponential distributed 
3. H(1) = the inter-arrival times are not exponential distributed 
4. The reliability is set at 5%; a. = 0,05 

2 ~(oi-Ei)2 
5. The chi square test statistic Xo = L.J E. 

1= ) I 

k = number of segments 
Oi = real number of specification orders in segment i. 
Ei = expected number of specification orders in segment i. 

6. There is one parameter estimated from the real data sample; the average inter-arrival 
time. The number of freedom degrees is calculated by subtracting the estimated 
parameter plus one from the numbers of segments. In Formula fd = k-(p+1) 

7. There are seven equal sized segments (k=7). The expected number of specification 
orders is calculated with the probability with the exponential distribution multiplied by the 
total number of specification orders in the sample for every segment. 
The exponential distribution: J(x; l) = k _,,_, 

8. The observed specification orders are divided into the several segments. 
9. The chi square statistic can be calculated 

10. H(0) will be rejected if xi > X~ Jd 

11. The conclusion: do or do not reject H(0) 

The inter-arrival times for specification orders at the planning: 

Interval Probability E(i) O(i) xt 
1 - 50 0,551 52 52 0,00 

51 - 100 0,247 24 22 0,10 
101 - 150 0,111 11 8 0,62 
151 - 200 0,050 5 6 0,33 
201- 250 0,022 2 3 0,35 
251- 300 0,010 1 4 9,63 
301- 400 0,007 1 0 0,63 

xt 11,67 
2 

X a,Jd 12,59 

The conclusion is that we do not reject H(O). 
We have to use an exponential distribution for the inter-arrival times for 
specification orders in the production model. 
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Appendix 82. Goodness-of-fit test serving times corrugator 

The distribution of the serving times of production runs on the corrugator is tested with the 
aid of the Goodness-of-fit test statistic. The test procedure consists out of eleven steps: 

1. The test is performed to test the distribution of the serving times of production runs 
2. H(0) = the serving times are exponential distributed 
3. H(1) = the serving times a're not exponential distributed 
4. The reliability is set at 5%; a = 0,05 

2 ~ (oi -EJ2 

5. The chi square test statistic Xo = L...J E 
1= ) i 

k = number of segments 
Oi = real number of production runs in segment i. 
Ei = expected number of production runs in segment i. 

6. There is one parameter estimated from the real data sample; the average serving time. 
The number of freedom degrees is calculated by subtracting the estimated parameter 
plus one from the numbers of segments. In Formula fd = k-(p+1) 

7. There are eight equal sized segments (k=8). The expected number of production runs is 
calculated with the probability with the exponential distribution multiplied by the number of 
production runs in the sample for every segment. 
The exponential distribution: J(x; J) = ,,1e -,1x 

8. The observed production runs are divided into the several segments. 
9. The chi square statistic can be calculated 

10. H(0) will be rejected if X ~ > X ~,1d 

11. The conclusion: do or do not reject H(0) 

The serving times of production runs on the corrugator: 

Interval Probability E(i) O(i) xi 
0 - 15 0,316 31 13 10, 15 
15 - 30 0,216 21 21 0,00 
30 - 45 0,148 14 32 21,75 
45 - 60 0,101 10 16 3,90 
60 - 75 0,069 7 7 0,01 
75 - 90 0,047 5 5 0,04 
90 - 105 0,032 3 1 1,46 
105 - 120 0,022 2 1 0,62 

xi 37,93 
2 

X a,Jd 14,07 

The conclusion is that we reject H(O). 
We have to use a general distribution for the serving times of production runs on the 
corrugator in the production model. 
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Appendix B3. Goodness-of-fit test serving times converting machines 

The distribution of the serving times of converting orders on a converting machine is tested 
with the aid of the Goodness-of-fit test statistic. The test procedure consists out of eleven 
steps: 

1. The test is performed to test the distribution of the serving times of converting orders 
2. H(0) = the serving times are exponential distributed 
3. H(1) = the serving times are not exponential distributed 
4. The reliability is set at 5%; a= 0,05 

2 ~(a; -E;)2 
5. The chi square test statistic X o = ~ E 

1=! i 

k = number of segments 
Oi = real number of converting orders in segment i. 
Ei = expected number of converting orders in segment i. 

6. There is one parameter estimated from the real data sample; the average serving time. 
The number of freedom degrees is calculated by subtracting the estimated parameter 
plus one from the numbers of segments. In Formula fd = k-{p+1) 

7. There are eight equal sized segments (k=8). The expected number of converting orders 
is calculated with the probability with the exponential distribution multiplied by the number 
of converting orders in the sample for every segment. 

The exponential distribution: J(x; A)= k -,U 
8. The observed converting orders are divided into the several segments. 
9. The chi square statistic can be calculated 

10. H(0) will be rejected if xi > X ~Jd 

11 . The conclusion: do or do not reject H(0) 

The serving times of converting orders on a converting machine: 

Midas Slatter Bobst 1600 

Interval Probability E(i) O(i) x; Interval Probability E(i) O(i) x; 
1 - 25 0,334 31 13 10,81 1 - 25 0,324 29 6 18,68 

26 - 50 0,223 21 28 2,40 26 - 50 0,219 20 35 11,41 
51 - 75 0,148 14 22 4,68 51 - 75 0,148 13 24 8,23 
76- 100 0,099 9 19 10,21 76 - 100 0,100 9 9 0,00 

101 - 125 0,066 6 6 0,00 101 - 125 0,068 6 10 2,39 
126- 150 0,044 4 3 0,30 126 - 150 0,046 4 5 0,17 
151 - 300 0,079 7 3 2,67 151 - 300 0,087 8 2 4,38 

x; 31 ,07 x; 45,26 
2 

12,59 X a,Jd 
2 

12,59 X a,Jd 

The conclusion is that we reject H(O). 
We have to use a general distribution for the serving times of converting orders on a 
converting machine in the production model. 
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Appendix C. The Mean Value Analysis Algorithm 

The MVA algorithm calculates the performance measures for every single/multiple server in 
the network and makes the step for (K-1) to (K) customers in the network possible. 

The Mean Value Analysis Algorithm: 

1. Calculate for the given network all visit frequencies n1, n2, ... , ns 

2. Every server Wi (i = 1,2, ... , S) in a closed network with 0 customers apply: 

oi(0) = 0, Pi(0) = 0, 
EXi(0) = 0, ESi(0) = 0, 

Tiwi(0) = 0, 
EQi(0) = 0, 

3. Calculate for K = 1, 2, ... for every server Wi (i = 1,2, ... , S) 

a) ESi(K) & EWi(K). 

ES;(K) = EW;(K)+ P;(st,10.000) = 

= EQ,(K -!)•( P,(st,:~-000) )+ n w,(K -1) ·( P, (sl,~~-000) )+ j,,(st,10.000) 

b) oi(K), Tiwi(K). 

8 .(K)= K*1r; 
1 

{1r1 *£S1{K)+1r2 *ES2 (K)+ ... +7r
5 

*ESs(K)) 

EX;= 8; * ES; 

EH. =8. *EB. 
I I I 

EQ; = 8; *EW; 

P; =8; *EB; 

For the whole network: 

K 
TNetwork(K) = ESNetwork(K) = ---

bNetwork 

Eindhoven, 2?1h of August 2003 65 



Appendices 

Appendix D. The results for Kappa Van Dam 

a e - actors necessary or calculating the integrated production concept. T bl A 1 All f f 

Factor Unit Definition Symbol 
Specification orders The number of specification orders over a SpecOi 
in period X period of time (for example one year) 
Gross production hours The total numbers of operation hours over a GPcor 
hours corrugator period of time (for example one year) 
Production runs The total number of production runs in Runi 
specification j in specification j over a period of time (for 
period X example one year) 
Waste factor The waste factor determines the difference f3 

between gross and net production. Gross 
production volume contains also trimm-
waste, waste due to quality problems and 
set-up waste. 

Demand in period X m2 The demand in m2 of specification j over a Di 
period of time (for example one year) 

Demand for m2 The demand in m2 for converting machine s Ds 
converting machine over a period of time (for example one year) 
sin period X 
Corrugator width m The average used width of the corrugator for Si 

specification i 
Running speed m/min The average running speed during running \j/j 

on production run of specification j 
Set-up time min The average set-up time for a production run Scor 

on the corrugator 
StDev corrugator min The standard deviation of the serving time <Jcor 

on the corrugator of a production run 
Converting orders in The number of converting orders over a ConvO5 

period X period X (for example one year) 
Non-productive time % The percentage of total hours that is not Xs 

used for setting-up the converting machine 
or running the converting orders. 

Gross production hours The total numbers of operation hours over a GPs 
hours converter period of time (for example one year) 
StDev converting min The standard deviation of the serving time <Js 

on the converting machine of a converting 
order 
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7375 -
73757 -• • • • • • • • • • IR 

37724 -
73770-
37119 -
63742 -
33730-
73384-

73396 -
43730-
35726-

7 -• • • 
34723 -
37729-

47727 --34720--35722 -• 64741 -
47724 -• • • 11111! 

33333-
44728-

7 2 -
74358-
74375 -
74747-

326 -

65741 -
34727-

3 6 
34325-
357230-
733990 -
477260-
355230-
333350 -
755580-

BC.KT.51 
BC.KT.57 
B.TT.24 

BC.KT.70 
B.TR.19 

BE.KT.42 
B.KT.30 
BC.KK.84 
BC.KK.96 
C.KT.30 
B.WT.26 

.KT.23 
B.MT.23 
B.TT.29 
C.TT.27 
B.MT.20 
B.WT.22 

BE.MT.41 
C.TT.24 
B.KK.33 
C.MT.28 
C.MT.32 

BC.MK.SB 
BC.MK.75 
BC.MT.47 
B.MK.26 

BE.WT.41 
B.MT.27 

. K.6 
B.MK.25 

B.WT.23.K 
BC.KK.99.K 
C.TT.26.K 
B.WW.23.K 
B.KK.35.K 

BC.WW.58.K 

I 

. 

. 

. 

. 
• 

. 

lllllllffl!IIII ' 1468 .. 
260 480 798 1538 
275 80 7 8 
267 480 798 
326 480 798 
549 480 798 
411 480 798 
518 480 798 1796 
692 480 798 1970 
521 480 798 1799 
318 480 798 1596 
82 480 798 1360 

528 480 798 1806 
324 480 798 1602 
492 480 798 1770 
488 480 798 1766 

4.091 480 798 5369 
459 480 798 1737 
690 480 798 1968 

1.669 480 798 2947 
1.010 480 798 2288 
892 480 798 2170 
978 480 798 2256 

1.361 480 798 2639 
672 480 798 1950 

7.546 480 798 8824 
2.822 480 798 4100 
1.194 480 798 2472 
3.396 480 798 4674 
2.115 480 798 3393 
16.749 480 798 18027 

487 480 798 1765 
0 480 798 127 
0 480 798 1278 

940 480 798 2218 
0 480 798 1278 
0 480 798 1278 

!,, .. ;"' Weighted average throughput time IJ 

Jumbo inliner 

Midas Slotter 

Bobst 1600 

Bobst 2000 

Midline 

Transline 

Universal 

O-stans 

'"w~~-:iit Stock in buffer field 
~ir~I'. 95% maximum buffer field 
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38 .. 
44 
32 
147 
68 
41 
78 
57 

300 
29 

21 
37 
21 
21 

31 ,4 hours 

15.403 m 
2 

21 .489 m 
2 

13.768 m 
2 

14.141 m
2 

9.887 m 
2 

11.716 m 
2 

8.971 m
2 

12.459 m 
2 

107.833 m
2 I 

172.409 m
2 
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Appendix E. The results for Kappa RapidCorr, Kappa Van Dam and Kappa Hermes. 

Table A-2. All factors necessary for calculating the sheetfeeder production concept. 

Factor Unit Definition Symbol 
Specification orders The number of specification orders over a SpecOi 
in period X period of time (for example one year) 
Gross production hours The total numbers of operation hours over a GPcor 
hours corrugator period of time (for example one year) 
Production runs The total number of production runs in Runi 
specification j in specification j over a period of time (for 
period X example one year) 
Waste factor The waste factor determines the difference ~ 

between gross and net production. Gross 
production volume contains also trimm-
waste, waste due to quality problems and 
set-up waste. 

Demand in period X m2 The demand in m2 of specification j over a Di 
period of time (for example one year) 

Demand for m2 The demand in m2 for converting machine s Ds 
converting machine over a period of time (for example one year) 
sin period X 
Corrugator width m The average used width of the corrugator Si 

for specification j 
Running speed m/min The average running speed during running \j/j 

on production run of specification j 
Set-up time min The average set-up time for a production Scor 

run on the corrugator 
StDev corrugator min The standard deviation of the serving time CJcor 

on the corrugator of a production run 
Converting orders in The number of converting orders over a ConvO5 

period X period X (for example one year) 
Non-productive time % The percentage of total hours that is not Xs 

used for setting-up the converting machine 
or running the converting orders. 

Gross production hours The total numbers of operation hours over a GPs 
hours converter period of time (for example one year) 
StDev converting min The standard deviation of the serving time CJs 

on the converting machine of a converting 
order 

Forming orders in The number op forming orders over a period FormO 
period X of time (for example one year) 
Bottleneck capacity FormO The server with the lowest capacity in the Bcap 

per whole formation area 
hour 

StDev Formation min The standard deviation of a transportation CJForm 
load in the formation area 

StDev min The standard deviation of the transportation CJt 
Transportation ofaloadforconvertert 
Trailers in period X The number of trailers loaded in period X Trailers

1 
(for example one year) for converter t 
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Maximum stock at the formln area at the sheetfeeder 

Average stock at the docks at the sheetfeeder 

Total 

Avera e stock at Van Dam 

Maximum stock at Van Dam 

Avera e stock at Hermes 
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95.354 m2 

247.348 m2 

10.764 m2 

5.724 m2 

12.257 m2 

28.744 m
2 

172.541 m2 

234.990 m
2 

7.011 m
2 
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Appendix F. Standard deviation calculation for Kappa Van Dam 

The performed calculation is for the RapidCorr vision on the sheetfeeder production concept. 
The stock level is on average 172.541 m2, which are 33 average sized orders. We calculate 
the average stock level for 33 real customer orders randomly picked from all customer orders 
over 2002. We calculate 250 average stock levels with 33 customer orders. The average is 
167.831 m2 and the standard deviation is 42.444 m2. The standard deviation is used in the 
graphs. 

Order 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Total 

AvAr<ano. .. 1,,.,.1, IAVAI 

1 
2.987 
4.179 

393 
8.131 
2.468 
1.742 

528 
1.319 
3.266 
3.923 
6.944 

14.486 
7.453 
6.752 
2.417 

14.907 
1.857 

688 
1.046 
1.043 
7.267 
4.645 
5.303 
5.424 
3.541 

495 
10.796 
5.392 
6.343 
5.078 
6.358 
1.275 
3.466 

151.912 

AveraQe 
StDev 

2 
130 

8.795 
13.116 

535 
6.490 
4.183 
2.348 

14.907 
2.111 
2.291 

261 
19.068 
3.136 
5.672 
4.896 
2.006 
4.767 

19.766 
1.150 
8.935 
2.837 

12.194 
3.433 
1.358 
2.789 

25.166 
4.742 
6.944 
2.268 
3.144 
2.268 
2.842 
1.416 

195.964 

3 4 
6.661 397 

10.860 2.038 
807 6.733 

2.080 2.227 
7.051 2.306 
3.131 9.089 
4.632 1.993 
1.788 934 
2.244 6.664 

759 1.651 
1.646 1.630 
7.720 7.604 
3.788 2.433 
3.314 5.404 
5.754 587 
8.841 2.537 
7.688 10.947 
8.320 13.185 
5.065 7.720 

13.116 3.088 
5.726 6.176 
1.163 7.720 

13.990 11 .094 
3.740 11 .815 
1.125 9.766 
1.225 1.674 
4.075 2.233 
7.720 2.857 
7.720 4.632 
7.720 7.720 
1.774 2.907 

15.315 7.720 
8.958 7.720 

185.519 173.205 

167.831 m
2 

42.444 m2 
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5 ... 248 249 250 
4.193 5.899 558 7.770 
5.451 2.510 5.628 2.783 
4.320 2.177 606 8.000 
5.044 2.333 2.192 10.431 

11.049 1.139 704 10.238 
1.899 1.427 5.120 27.318 
5.871 7.087 5.168 8.474 

6.208 5.307 10.959 1.198 
3.708 3.959 4.211 4.285 
2.233 655 2.498 2.305 
5.334 14.945 23.823 2.166 

810 2.205 5.800 10.172 
6.237 1.491 21 .783 530 
6.988 9.578 11.062 7.833 

772 624 7.338 3.920 
127 969 17.004 1.021 
181 4.148 1.435 24.330 

2.833 5.096 7.635 1.094 
5.351 1.049 20.549 13.019 
4.071 8.320 6.740 6.885 
3.019 8.502 1.480 6.025 

1.455 2.521 305 6.664 
12.787 9.659 1.960 7.649 
16.183 17.332 527 1.696 

88 8.008 2.928 5.415 
1.001 1.614 1.157 25.314 

17.783 2.779 3.798 13.019 
8.827 2.529 5.410 1.107 

12.759 5.854 4.581 5.924 

999 1.377 1.159 4.092 
4.071 1.646 3.764 18.851 

455 4.328 7.873 858 
2.611 1.739 931 620 

164.715 148.808 196.689 251.008 
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Appendix G. Two more examples of distance & volume versus EB/TDA 

By the first graph the assumption is made that the sheetfeeder is possible to reduce their 
cost price of 1.000 m2 of sheets by €10. The result is that more combinations of distance and 
volume generate a positive flow of EBITDA. By the second graph the assumption is made 
that the savings are 30 % higher. 
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Figure .. The difference in EBITDA by different combinations in volume and distance. Cost price for 
1.000 m2 of sheets is €10 cheaper. 
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Figure .. The difference in EBITDA by different combinations in volume and distance. The savings are 
30% higher. 
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